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AUTOMATIC LUBRICATION ON 
NIAGARA INCLINABLE PRESSES 


TRABON “METERFLO” systems automatically circulate clean, 
filtered oil under pressure to all bearings; air counter-balance; 
and slide gibs, on the new Niagara front-to-back crankshaft open back 
inclinable presses illustrated. 


TRABON’S exclusive warning devices react immediately to the inability 
of any bearing or line to receive oil. The positive progressive action of the 
piston type distributors is stopped, causing pressure switch to stop the press. 


Another example of the application of the World’s Finest Automatic 
Lubrication for Automation or Single Purpose equipment. 
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ASLE 
MEMBERSHIP 
CLASSIFICATIONS 


Membership in the American 
Society of Lubrication Engineers 
is in several grades as defined 
below. Assignment to grade is 
made by the Admissions Com- 
mittee. or Board of Directors on 
the basis of information sub- 
mitted or supplied by references. 


Members: Members shall be 
persons not less than 24 years of 
age who: (1) are engaged in re- 
search and instruction at techni- 
cal schools, universities, and vari- 
ous publicly and privately sup- 
ported institutions in the field of 
lubrication; or (2) have occupied 
recognized positions as lubrica- 
tion engineers for a period of 
three or more (not necessarily 
consecutive) years prior to date 
of admission, involving the re- 
sponsibilty for or supervision of 
the development, selection, field 
use and application of lubricants 
as differentiated from other ac- 
tivities; or (3) are indirectly con- 
cerned with the field of lubrica- 
tion, but possessing other quali- 
fications of experience, knowl- 
edge, and accomplishment, and 
have manifested a particular in- 
terest in the purposes and wel- 
fare of the Society to the extent 
that their membership would he 
a valuable contribution to the 
successful functioning of its ac- 
tivities. Fee $15.00. 


Associate Members: Associate 
Members shall be persons less 
than 24 years of age, and those 
who do not completely fulfill 
the membership requirements for 
Members. Fee $7.50. 


Sectional Sustaining Members: 
Sectional Sustaining Members 
are such persons or organizations 
as may be interested in and de- 
sire to contribute to the support 
of the purposes and activities of 
a local Section of the Society. 
Fee $25.00. 


Industrial Members: Industrial 
Members are such persons or or- 
ganizations as may be interested 
in and desire to contribute to 
supporting the purposes and ac- 
tivities of the Society. Fee 
$150.00. 


For application blanks or further 


information, write: 


84 E. Randolph St. 
Chicago 1, Ill. 
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‘dag’ dispersions... a touch does so much! 


‘Oildag’ vital to continuous molding-machine operation 


Production Pattern & Foundry Company of Chicopee, Mass. 
runs its five shell-molding machines 24 hours a day to keep 
up with casting-floor demand for molds. To stand up under 
this tough service, the machines must be properly maintained. 

Maintenance personnel at Production Pattern & Foundry 
have found that lubrication instructions of the machine’s manu- 
facturer have paid off handsomely. Shell Process Co., which 
makes these shell-molding machines, recommends ‘Oildag’ 
— colloidal graphite in petroleum oil — diluted with five parts 
of No. 10 oil for the lubrication of critical wear points: the 
axle bearings of the drive mechanism, and hitch-pivots and 
link pins of the roller chain. Since the roller chain is subjected 
to 900° F temperatures within the shell-baking oven, conven- 
tional lubricants would be useless... would decompose and 
carbonize. Proof of the effectiveness of colloidal graphite for 
this heavy-duty high-temperature lubrication job is the fact 


PORT HURON, MICHIGAN 
...also Acheson Colloids Ltd., London, England 


ACHESON COLLOIDAL DISPERSIONS: 


Graphite « Molybdenum Disulfide « Zinc Oxide * Mica and other solids 


‘dag’ and ‘Oildag’ are registered trademarks of Acheson Industries, tne. 


ACHESON COLLOIDS COMPANY 


that the machines have operated without breakdown for more 
than six years! 

Dispersions of colloidal graphite are extremely valuable 
elsewhere in the foundry too: as long-lasting lubricants for 
moving parts of casting machines and other foundry mech- 
anisms; as heat-resistant ladle coatings, and effective mold 
coatings for better parting and controlled cooling. You can 
learn more about the use of ‘dag’ dispersions in metal-casting 
operations through Acheson’s Bulletin 425. Write for your 
free copy today. 


L006 Anniversay 
1695—SYNTHETIC GRAPHITE 


@ 1906=COLLOIDAL GRAPHITE 


ACHESON COLLOIDS COMPANY 
Port Huron, Michigan, Dept. G-9 


1891—SILICON CARBIDE 


Yes, | want your free bulletin describing ‘dag’ 
Dispersions for High-Temperature Lubrication. 


Name 


Company. 
Address 
City. Zone State 
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Atoms, Automation, and ASLE 


How will you be living — say in 1976? What new appliances will you have in your home? 
How will you be traveling? How will your factory be run? What role will we as lubrication 
engineers be playing in these advances? 


Any speculation you make will lead you to one conclusion: We are in the early stages of 
a new era. Faster jet-propelled travel wil! be an important part of it. Shorter working hours 
and increased production will be key phenomena. We are already seeing new ways of home 
living, faster communications . . . all centered around new concepts in harnessing and using 
energy. We are shifting from our present machine age into something new . . . an age featuring 
atomic energy and automatic machines. 


Development of new sources of power will play a major role in this revolution. Petroleum 
and natural gas have experienced tremendous growth in the last half century. Electric power 
has been doubling every eight to ten years. Energy directly from the sun is being explored. But 
the big new source of Power is from the ATOM; we look to atomic energy to free us from any 
future bonds we may have otherwise encountered in our energy supply. 


The other big part of our new era is the development of new ways of using power to do our 
work. Overloaded electrical outlets in our homes attest to our expanding daily use of power for 
washing, cleaning, lighting and play. The 8,000,000 new cars in the past year, 100,000,000 new 


electric motors, new orders for jet airliners . . . all are evidence of its wider application. 


Automation in our mills and factories represents the complete harnessing of power to earn 
our living. We already find automation in our petroleum refineries, in automobile plants. in food 
processing, in our telephone systems, and in manufacturing appliances. 


And how will lubrication contribute in our new era? Basically, it will be one of the few 
common denominators. Power production, power utilization . . . nearly everything developed in 
our new era will involve mechanical motion . . . and will require lubrication. Centralized 
lubrication systems will require further development for application on an ever-expanding scale. 
Higher bearing speeds and greater gear loads will be universally encountered. Synthetic lubricants 
will be pushed to their limit to keep up with the race of jet planes toward the thermal barrier. 
New concepts will be needed for lubricating atomic power reactors with water and liquid metals. 


The challenge is clear. Through our Society we must develop the science and practice of 
lubrication and publicize its importance to designers, to industry, and to our schools. The 
Society is yours. You and I working together can make ASLE work for us as we face the 
lubrication problems in this new era of atoms and automation. 


E. R. Booser, President 
American Society of Lubrication Engineers 
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These 26”-90 MORGOIL Bearings are operating 
ina 10%” & 30” x 30” single stand four high 
reversing cold mill at Lombarde Falck in Milan, 
Italy. Hot mills or cold mills, ferrous or nonferrous, 
at home or abroad, MORGOLLS give the best roll 


neck bearing performance at the lowest cost. 


MORGAN CONSTRUCTION CO. 


WORCESTER, MASSACHUSETTS 
ROLLING MILLS MORGOIL BEARINGS GAS PRODUCERS 
WIRE MILLS EJECTORS REGENERATIVE FURNACE CONTROL 


ORGAN MORGAN MORGAN MORSAN MORG: 


M 
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IN MEMORIUM: George L. 
Sumner (ASLE Pittsburgh Sec- 
tion, former Director and fourth 
President of ASLE). George 
Lewis Sumner was born June 20, 
1888. He graduated from the 
Pennsylvania State College in 
1914, majoring in Chemistry. He 
was employed by the Illinois Steel 
Company at Gary, Indiana, as a 
Chemist and later worked for the 
National Tube Company of Mc- 
Keesport, Pennsylvania. In 1917 
he was employed by the Westing- 
house Electric & Manufacturing 
Company as a Chemical Engineer 
in the research division. His work 
dealt with insulating oil develop- 
ment and lubricating problems. 
He was active in various ASTM 
committees and Committee Z-11 
of ASA. During the war George 
Sumner was Liaison Engineer on 
plant lubrication, cutting fluids, 
and finishes, to the three Naval 
Ordnance plants operated by 
Westinghouse. Before retirement 


J. L. Finkelmann 


C. M. Larson 


from Westinghouse in July of 
1953, he held the position of Ap- 
plication Engineer-in-Charge. In 
an editorial for the August 1948 
issue of Lubrication Engineering, 
Mr. Sumner wrote: “Some of us 
do not appreciate the full breadth 
of the field of lubrication as it 
tends to become obscured in the 
ramifications of the many other 
fields which it serves.” As an 
ASLE President, George Sumner 
fought for professional recogni- 
tion and fundamental research 
into the lubrication design factors 
so that oil flow and bearing ap- 
plication might be on an engineer- 
ing basis rather than by trial and 
error. With the death of George 
Sumner, July 30, 1956, ASLE lost 
a dedicated leader and firm sup- 
porter of Society activities. 


J. L. Finkelmann (ASLE De- 
troit Section, and Secretary of 
ASLE) has joined the Cycleweld 
Division of the Chrysler Corpora- 
tion, 5437 W. Jefferson, Trenton, 
Michigan, in charge of lubricant 
development and production. 
Cycleweld Division produces spe- 
cial lubricants and metalworking 
fluids for the corporation. 

C. F. Kettleborough, Senior 
Lecturer at the University of Mel- 
bourne, Victoria, Australia, has 
joined the Westinghouse Re- 
search Laboratories, Pittsburgh, 
as a Research Engineer in the 


Mechanics Department. 
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W. H. Millett 


C. N. Rill (ASLE Cleveland 
Section), formerly with The 
Franklin Oil & Gas Co., has been 
appointed Director of Research 
for The Murphy-Phoenix Co., Di- 
vision of The Phoenix Oil Co., 
Cleveland, Ohio. 


E. F. Houghton & Co. has 
announced the transfer of B. B. 
Flick (ASLE Cleveland Section), 
former Lubrication Engineer for 
the company’s Detroit Division, 
to its Pittsburgh Steel Mill Divi- 
sion, Pittsburgh, Pa., in charge of 
Sales & Service. 

H. H. Platek has been ap- 
pointed Advertising Manager of 
The Cleveland Worm & Gear Co. 
and its affiliate, The Farval Corp., 
both in Cleveland, Ohio. 

W. H. Millett (ASLE New 
York Section) has been appointed 
Sales Manager, and M. A. Bigel- 
ow, Jr., has been appointed Ass’t. 
Sales Manager, Ucon Products, 
for Carbide & Carbon Chemicals 
Co., a Division of Union Carbide 
& Carbon Corp., N. Y. C. 

The promotions of F. A. 
Stockwell to the position of As- 
sistant to the President, and of 
C. A. Stutzman to Manager, Lub- 
ricating Equipment, have been 
announced by The Aro Equip- 
ment Corp., Bryan, Ohio. 

C. M. Larson (ASLE New 
York Section, and a former Direc- 
tor of ASLE), after 37 years with 
Sinclair Refining Co., has retired 
to enter private practice as a Con- 
sulting Engineer. Mr. Larson 1s 


(Continued on p. 337) 


| 
if 
q 
4 — 
| 
| 
| 
| 
C. N. Rill 


2 


Now! Design Automatic Lubrication into your largest machines! | 


ALEMITE 


AUTOMATIC 
LUBRICATION MODELS 


lubrication 


of 300 and 500 
bearing inches! 


Greater capacity ... greater coverage... 
greater savings! Now the largest machines 
can have moneysaving, timesaving Alemite 
Oil-Mist Automatic Lubrication! These two 
new models offer greater capacity for lubricat- 
ing up to 300 and 500 bearing inches! They are 
the same type of famous Alemite Oil-Mist sys- 
tems already proved on countless machines in 
all types of industry. 

Alemite Oil-Mist Lubricators atomize oil in- 


to mist and distribute it through tubing to all 
types of lubricated mechanisms ~—anti-friction 
and plain bearings, gears, slides, ways, chains, 
cams, and rollers. Amazingly simple, continu- 
ous and fully automatic . . . Alemite Oil-Mist 
eliminates the waste and uncertainties of the 
“human element” in lubrication. 

Design more efficient, more economical, fool- 
proof automatic lubrication into your ma- 
chines. Mail coupon below for full details! 


8 Advantages of the ALEMITE OIL-MIST System 


1. Continuous Lubrication—Con- 
stantly deposits fresh, clean film of 
oil on all surfaces of all bearings in 
the system. 


2. Fully Automatic Lubrication —Can 
start and stop with operation of ma- 
chine switch. 

3. Elimination of Guesswork—No 
bearing can be overlooked, nor 
overlubricated! Every bearing 
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ALEMITE 


4 My Name 
| Title 
Company 
OIL-MIST 
A Product of STEWART-WARNER CORPORATION, 
City State. 


picks up only as much Oil-Mist as 
it needs. Eliminates waste. 

4. Reduction of Bearing Tempera- 
tures—Acts as bearing coolant, can 
lower bearing temperatures as much 
as 20° F. 

5. Reduction of Types of Oil—Re- 
duces number of oils that must be 
stocked, handled, and applied. 


6. Elimination of Downtime—All 


bearings in the system are constantly 
lubricated while machines continue 
to operate. Production goes up! 

7. Extension of Bearing Life—Mul- 
tiplies bearing life many times. Life 
of grinding machine bearings has 


‘extended from 400 to 7,000 hours! 


8. Less Oil Consumption — about 1/10 
the amount consumed by any other 
lubrication method! 


1850 Diversey Parkway, Chicago 14, Mlinois 
Please send me a FREE copy of your new 
Gear 
Cases 


and complete Alemite Oil-Mist catalog. 


Oo Please have your Alemite Lubrication 


Representative arrange a no-obligation 
demonstration. 
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ASLE News Notebook 


Executive Reports 

Area representatives have been ap- 
pointed by the regional vice presidents 
for the Midwestern and Central re- 
gions. Mr. A. H. Turner of the Stand- 
ard Oil Co., Cleveland will cover the 
Cleveland-Youngstown Sections; Mr. 
H. W. Irion, National Refining Co., of 
Columbus, the Columbus Section; and 
Mr. G. H. Leffel of the D. A. Stuart 
Oil Co., Springfield will assist the vice 
president with the Dayton and Cin- 
cinnati Sections. Representatives for 
the Detroit-Saginaw Valley and Louis- 
ville-Kingsport Sections have not been 
appointed. To assist in the Midwest- 
ern region, R. O. Erickson of the Shell 
Oil Co., Minneapolis, will represent 
the Twin Cities-Duluth-Des Moines 
Sections; Mr. F. A. Rudolph, of the 
Sun Oil Co., Dallas, will represent the 
Houston Section and other Texas Sec- 
tions as they are formed; and Mr. C. 
J. Smith, of the Cities Service Oil Co., 
Kansas City, to represent the Kansas 
City-St. Louis Sections. The area rep- 
resentative for the Indianapolis-Ft. 
Wayne Sections has not been an- 
nounced. Area representatives for the 
Sections within the Eastern, Western, 
and Canadian Regions will be an- 
nounced as appointed. Consult the 
ASLE Directory for the complete mail- 
ing addresses of the area representa- 
tives. 

Section officers will be contacted by 
the area representative to provide help 
in the formulation of future programs, 
joint meetings, education courses, and 
to promote membership. The area 
representative is the personal repre- 
sentative of the regional vice-president 
and provides the Section with the 
necessary liaison and coordination for 
optimum growth. 

Some of the regional activities 


which have been reported include the 
formation of two new Sections: Hud- 
son-Mohawk (See Notebook and Sec- 
tion Activities for July-Aug.) and 
Duluth-Iron Range; the formation of 
a Section in Columbus, Ohio; and the 
planning of Sections for Dallas-Ft. 
Worth, Des Moines-Newton-Cedar 
Rapids, and Davenport-Rock Island- 
Bettendorf. Education courses have 
been arranged by the Chicago, Kings- 
port, and Baltimore Sections, and 
courses have been planned for the 
Dayton and Boston Sections. 


Committee Activities 


The ASLE Technical Committee on 
Properties of Lubricants under the 
chairmanship of C. W. Nichols, Jr., 


has announced the appointment of A. 
W. Lindert as chairman of the sub- 
committee on Papers; K. P Powers, 
chairman of the subcommittee on in- 
formation; C. A. Bailey, chairman of 
the subcommittee on research; and M. 
L. Langworthy, chairman of the sub- 
committee on the Lubrication Engi- 
neering Handbook. A meeting of 
the committee has been tentatively 
scheduled for October 9, during the 
Lubrication Conference at Atlantic 
City. During the meeting the commit- 
tee will discuss participation in the 
1957 Annual Meeting at Detroit, the 
viscosity classification proposed by the 
ASTM, review the activities of the sub- 
committees, and appoint chairmen for 
the sessions to be sponsored by the 


Welcome Duluth-Iron Range Section 


Officers and guests present at the indoc- 
trination of the Duluth-Iron Range Sec- 
tion included: R. O. Erickson, area rep- 
resentative and past chairman, Twin 
Cities Section; E. W. Brennan, guest 
speaker; Dr. A. B. Wilder, Midwestern 
Vice-President; B. T. Harding, National 
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Membership and Admissions Committee 
Chairman; (back row) C. D. Johnson, 
Section Secretary; Robert Rutka, Vice- 
Chairman; R. D. Keech, Section Chair- 
man; and Walter Kiriluk, Section Treas- 
urer. 
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LUBRICANTS - WAXES 
PROCESS PRODUCTS 


HE KEEPS THEM ROLLING— 
THE MAN FROM ATLANTIC 


The Atlantic specialist in industrial lubrication is a 
highly skilled expert. He’s spent years in the study of 
every heavy lubricating and cutting-oil problem . . . and 
he’s backed by other Atlantic specialists in lubrication 
research, production, quality control and marketing. 


Atlantic’s experience since 1870 has made us familiar 
with your lubricating needs. We’ve developed the 
products necessary to do any lubrication job perfectly 
...at the lowest cost...for every wheel that turns 
in industry. 


Your company can benefit from our extensive ex- 
perience and services. For further information on 
Atlantic’s family of products for industrial lubrica- 
tion and metal processing, write or wire Dept. L-10 
The Atlantic Refining Company, at the nearest office 
listed below. 


PHILADELPHIA, PA. SYRACUSE, N. Y. Atlantic Refining 
260 South Broad St. Salina and Genesee Sts. ae, of Brazil 
ifici tello 
PROVIDENCE, R. I. READING, PA. 151 Avenida Nilo Pecanh 
430 Hospital Trust Bidg. First and Penn Aves. Rio Brazil 
CHARLOTTE, N. C. PITTSBURGH, PA. Porto Rico Oil Company, Inc. 


1112 South Boulevard Chamber of Commerce Bldg. Box 4832, San Juan, Puerto Rico 
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Properties of Lubricants Committee at 
the annual meeting. Location and 
time of meeting will be posted on the 
bulletin board in the Chalfonte- 
Haddon Hall at the time of registra- 
tion for the conference. 

Membership in the Lubrication 
Fundamentals, D. Godfrey, Chairman, 
now totals 23. 

The Annual Meeting Program Com- 
mittee has tentatively scheduled a 
meeting during the joint conference at 
Atlantic City on October 9. Details 
will be posted on the bulletin board of 
the Chalfonte-Haddon Hall at the time 
of registration. 

A meeting of the Technical Adviso- 
ry Board has been scheduled for 2 
P.M., October 9 at the Chalfonte- 
Haddon Hall. Meeting room will be 
posted at the hotel bulletin board and 
the registration desk. 

Dr. B. G. Rightmire, Massachusetts 
Institute of Technology, has been re- 
appointed chairman of the ASLE Edu- 
cation Committee and Mr. R. Q. 
Sharpe has been appointed chairman 
of the Hydraulics & Hydraulic Machin- 
ery Committee. 


Section Activities 


Duluth-lron Range 
Becomes ASLE Section 


Approximately 50 members and 


One of the world’s foremost 
lubrication engineers, a past presi- 
dent of ASLE (1947-48), past chair- 
man of Committee D2 of ASTM, 
and active in ACS, SAE, and the 
Coordinating Research Council, 
Oscar Maag was stricken with a 
fatal heart attack on August 22. 


Oscar was born in Russell, 
Kansas and attended high school 
and the University of Kansas, re- 
ceiving his BS degree in chemistry 
in 1913 and the MS degree in 1915. 


During World War I he served 
with the Bureau of Standards and 
later was employed by the Galena 
Signal & Oil Co. of Franklin, Pa. 
Mr. Maag is best known for the 
work he did at the Timken Roller 
Bearing Co. including many major 
improvements in industrial lubrica- 
tion techniques among which was 
the Timken Lubricant Tester, an 


guests were present to witness the in- 
doctrination of the newest ASLE Sec- 
tion, at Duluth, Minnesota. Officially 
named the Duluth-Iron Range Section, 
the new Section is number 31 in the 
growing list of ASLE Sections to re- 


ceive their charter. Officers for the 
new Section include: R. D. Keech, 
Chairman; R. Rutka, Vice-Chairman; 
C. D. Johnson, Secretary; and W. 
Kiriluk, Treasurer. Mr. E. W. Bren- 
nan of the Pure Oil Co., and member 
of the Chicago Section, spoke on “Hy- 
draulic Fluids.” Officers and distin- 
guished guests present are shown in 
the accompanying photograph. 


Kingsport Section 
Holds Education Course 

A Lubrication Engineering Course 
was sponsored jointly by the Kingsport 
Section and the Mechanical Engineer- 
ing Department of the University of 
Tennessee, September 26-27 at the Stu- 
dent Center of the University, Knox- 
ville, Tennessee. Eight sessions were 
scheduled during the 2-day session and 
included, “Fundamentals of Friction 
and Lubrication,” “Properties of Lub- 
ricants,” “Gear Lubrication,” “Bearings 
and Lubrication,” “Hydraulics,” “Plan- 
ning a Lubrication Program,” “Train- 
ing Lubrication Personnel,” and a panel 
discussion of lubrication problems. 
Further reports on the course will be 


Inu Memorium 


Oscar L. Maag 
1890 - 1956 


instrument to measure the load 
carrying ability of bearing and 
gear lubricants. The device led to 


Journal of the American Society of Lubrication Engineers 


published in a future issue of Lubrica- 
tion Engineering. 


Detroit Section Kicks Off 
1957 Program with Annual 
Stag Outing 

Hillcrest Country Club was the scene 
of the Detroit Section’s annual stag 
outing on September 15. Section of- 
ficers and members are busy generating 
interest in the 1957 Annual ASLE 
Meeting among local industries for 
which the Detroit Section will be host. 


Ontario Section 
Publishes 1956-57 Program 


Meetings of the Ontario Section will 
be rotated between Toronto and Hamil- 
ton during the coming year. The Sep- 
tember meeting was held in Hamil- 
ton, September 9 at Robert's Restau- 
rant. Dutch Sisters Inn will be the 
site of the Toronto meeting on Octo- 
ber 9. Speaker for the evening will 
be C. F. Smith, Vickers-Sperry of 
Canada Ltd., talking on Hydraulic 
Systems — Their Operation and Main- 
tenance. The December 11 meeting 
in Toronto should provide lively dis- 
cussion as four lubrication experts at- 
tempt to solve lubrication problems 
posed by the audience. Complete de- 
tails can be obtained from the Section 
secretary (see ASLE Directory, this 
issue. ) 


the development of extreme pres- 
sure lubricants essential to the 
modern high speed mills em- 
ployed in the production of sheet 
steel. He was an author of many 
articles and lectured extensively 
on lubrication. Last year Oscar 
retired as Chief Lubrication Engi- 
neer at Timken Roller Bearing Co. 
after 32 years of service. He was 
retained by the company as con- 
sulting engineer, and became as- 
sociated as a consultant with the 
Ironsides Co., of Columbus, Ohio 
and Liverpool, England. 


In April of this year he was 
awarded ASLE’s highest award— 
the ASLE National Award—which 
carries with it honorary life mem- 
bership (see Lubrication Engineer- 
ing, May-June 1956 p. 179) for his 
achievements in the field of lubri- 
cation. 
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Shell Rotella Oil and protected by 
Shell ADC* Oilprint Analysis. 


Oilprint Analysis... 


oil drain intervals... 


lower repair costs” 


SHELL ADC* 
OILPRINT 


Henre’s ANOTHER transportation com- 
pany that has found the Shell ADC* 
Oilprint Analysis a cost-saving tool of 
preventive maintenance. By its use, oil 
drain intervals have been extended safely 
on some new diesel coaches. 
Furthermore this fast, reliable oil check 
has revealed many potential troubles in 
advance, such as oil contamination due 
to block fracture . . . in time to save costly nian seake 
repair bills. The Cleveland-Lorain High- 
way Coach Co. is enthusiastic about it. 
The Shell ADC Oilprint Analysis 
enables fleet operators to test crankcase 


conclusive check of oil’s condition. 


oil in the short time allotted for re-fueling ) | 
and crankcase oil checks . . . mere One Drop tells the Story 2 
minutes. It eliminates draining still-good The operator places just one drop | 
oil and the risk of using oils loaded with of oil on the card. Analysis gives | 


contaminants. 


Let us demonstrate how we can put this new 
cost-saving PM tool to work for you. 


*Trademark 


SHELL OIL COMPAN 


50 WEST S5OTH STREET, NEW YORK 20, NEW YORK 
100 BUSH STREET, SAN FRANCISCO 6, CALIFORNIA 
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New Products 


Vacuum-Type Pumping Unit. 
The special 82-V vacuum-type 
pumping unit, pictured right (one 
of over 5,000 individual models 
already in field use), was especial- 
ly designed to meet the needs of 
a large compressor manufacturer, 
and is being installed in one of the 
new ammonia plants in the 
United States. Note that the lub- 
ricators are driven by one com- 
mon gear motor and that the 
drive is taken from the back lub- 
ricator into the front lubricator 
by way of a geared shaft. The 
bracket which supports the lub- 
ricators incorporates an oil pan 
which catches the drippage from 
the lubricators in case of over- 
filling the lubricator housing. One 
of the big advantages of this lub- 
ricator is that regardless of how 
small the setting is for the oil de- 
livery, the plunger stroke remains 
the same; i.e. to change the vol- 
ume of oil delivered, only the 
position of the plunger in relation 
to inlet port is changed. Other 
advantages include reduced main- 
tenance costs; since no fluid is re- 
quired, there is no need for re- 
placing it. (Manzel Div. of Hou- 
daille Industries, Inc., 315 Bab- 
cock St., Buffalo 10, N. Y.) 


Adjustable Diameter Linear Bear- 
ing. A new type ball bearing for 
linear motion is now in produc- 
tion in which the bearings are 
split longitudinally, as illustrated 
above, and are designed to easily 
provide line-to-line or slight pre- 
load fits when mounted in an ad- 
justable diameter housing. The 
bearings enable the tolerance on 
both the shaft diameter and bear- 
ing bore to be adjusted out. In 
addition, the principle provides 


for compensation for wear that 
might eventually develop in se- 
vere applications. (Thomson In- 
dustries, Inc., Manhasset, N. Y.) 


Teflon-Base Pipe Sealing Com- 
pound. A new chemically inert 
pipe joint compound that will seal 
practically all known highly-cor- 
rosive liquids and solvents has 
been developed for services up to 
212° F. Known as “John Crane” 
Chemlon Pipe Joint Compound, 
its base is duPont Teflon. This 
material is not only impervious to 
all types of hard-to-handle fluids, 
but possesses an extremely low 
coefficient of friction. The latter 
substantially reduces wrench tor- 
que, permitting connections to be 
drawn up to a greater degree of 
tightness without undue stress or 
strain. (Crane Packing Co., LE- 
12/5, 6400 Oakton St., Morton 


Grove, Ill.) 


Redesigned Aquatrator. Rapid, 
accurate determinations of mois- 
ture in a wide range of chemicals 
(both solid and liquid), foods, 
drugs, and industrial products, are 
made possible by the newly rede- 
signed “Precision” Aquatrator. 
Utilizing the Karl Fischer re- 
agent, which is sufficiently sensi- 
tive to allow moisture determina- 
tions as low as 0.005% and as 
high as 100% to be determined 
quantitatively, the electronic indi- 
cator shows the end point of the 
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titration just as readily in very 
dark solutions as in light-colored 
materials and is unatfected by 
normal variations in line voltage. 
This instrument performs mois- 
ture determinations in 5 to 15 min- 
utes which, by oven-drying or dis- 
tillation methods, require from 
one to twenty-four hours. (Pre- 
cision Scientific Co., LE-12/5, 
3737 W. Cortland St., Chicago 47, 
Ill.) 


Economy Hand Pump. A new 
piston-type, positive - displace- 
ment, self-priming hand pump 
now in production delivers 20 gpm 
at lower “cost per gallon” than 
the company’s rotary vane-type 
hand pumps rated at 10 gpm. 
Features include stainless steel 
shaft, aluminum body and piston, 
corrosion-resistant valves and 
molded plastic bearing, and built- 
in strainer; fast disassembly per- 
mits easy cleaning or reversing 
of flow direction. Available as 
pump only, barrel pump, pedestal 
pump, or with hose and nozzle de- 
livery, the all-corrosion-resistant 
moving parts make the pump suit- 
able for handling many industrial 
solvents, lubes, cutting or paint 
oils, and soaps, waxes, and main- 
tenance liquids. (Bulletin 3011, 
Bowser, Inc., LE-12/5, 1300 E. 
Creighton Ave., Ft. Wayne, Ind.) 


Delpark Up-Flo Filter. The Del- 
park Up-Flo Filter with perma- 
(Continued on p. 341) 
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HOUGHTO-SAFE 620 


For all normal hydraulic temperatures and 
bearing loads (up to 85% of all needs) 


HOUGHTO-SAFE 620 is a time-proven water- 
base hydraulic fluid that provides maximum 
protection against hydraulic fires. Its efficiency 
is proven by more than 4 years use in industry 
and over 2 years in Navy carrier catapults. 


HOUGHTO-SAFE 620 has noeffecton standard 
packings used in oil or water hydraulic systems— 
is not toxic—and provides greater efficiency at 
lowest installed cost for most hydraulic systems. 


Find out today how you can now eliminate the fire hazard 


EFFICIENT FIRE PROTECTION 
FOR HYDRAULIC SYSTEMS WITH — 
THESE TWO HOUGHTON FLUIDS: 


NEW 


HOUGHTO-SAFE 1020 


For systems running consistently over 150°F. 
and for heavily loaded pumps and bearings 


HOUGHTO-SAFE 1020 is a new fortified 
synthetic hydraulic fluid expressly compounded 
to provide greater efficiency in systems where 


temperatures repeatedly exceed 150°F. 


HOUGHTO-SAFE i020 provides complete rust 
protection; resists foaming; is stable in use and 
storage, low in toxicity, and high in oiliness. 


It's different from former non-aqueous fluids. 


in any hydraulic system with the Houghton fire-resistant 


fluid that will provide greatest operating efficiency. Ask 


your Houghton Man or write to E. F. Houghton & Co., 
303 W. Lehigh Ave., Philadelphia 33, Pa. 


HOUGHTO-SAFE 


... products of 
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The unique properties of Brooks lubri- - —you re better aft 


7 


cants have provided outstanding service 


where other quality lubricants have 
proved inadequate. Brooks lubricants 
are remarkably resistant to water or 
moisture conditions and abrasion. 
Brooks lubricants are non-corrosive, 
adhesive, and extremely stable in long 
periods of production service; maintain- 
ing a minimum pH-ilm strength of 25,000 


psi. Extended equipment service 
and reduced lubricant consump- 
tion can be assured in practically 
all severe applications. 


Write for Engineering Data Bulletin 
on your particular application. 
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Lube Lines 


by A. F. Brewer* 


LUBRICANT BY-PRODUCTS FROM THE 
MEAT PACKING INDUSTRY. The extent to 
which the meat packing industry contributes prod- 
ucts which are used as constituents in lubricating 
oils and greases, often is not fully realized. To be 
sure, it is well known to all that lard oils and tallow 
are important constituents in some steam cylinder 
oils, cutting oils, and in compounding certain 
greases; but as long as they are available at reason- 
able cost to the lubricant manufacturer, percentages 
usually are of little interest. Let’s look at some 
figures: 

The most important by-products of the pack- 
ing industry are edible and inedible fats. According 
to The Technology Review (February 1956, “Dollars 
From Wastes,” by Harry W. vonLoesecke) they can 
amount to as much as 18 percent of the total sales 
value of the output of the plant. From the inedible 
fats an improved process has been developed for 
producing oleic acid (commonly called “red oil’). 
This by-product is an important constituent of tex- 
tile lubricants and greases for certain types of serv- 
ice. Authorities in the U. S. Department of Agricul- 
ture, where this process was developed, estimate the 
annual value as approaching a million dollars. And 
this pertains to only one of the by-products of the 
packing industry which concern the lubrication en- 
gineer. Others, such as lard oils and tallow, and 
the lately developed substitute for palm oil in hot 
dipping of steel plate, total up to a very respectable 
volume of net-back to the packer. In brief, the 
manufacturers of lubricants are highly important 
customers of the meat packers. 


DRY LUBRICATION. In the fields of lubrica- 
tion and machine design, there is a very definite 
place for those non-petroleum materials which are 
assistants to, or replacements for, conventional 
metal combinations and petroleum-base lubricants. 
Certain of these materials are derived as petro- 
chemicals from the products of the oil refinery. 
Others are natural substances or, more strictly, of 
synthetic chemical nature. We have in mind those 
solid materials which have been found to be so well 
suited for service where durability with little or no 
added lubrication is a factor. In other words, the 
products themselves are possessed of lubricating 
ability and minimum frictional effect. 

Dry lubrication is not a new idea; it antedates 
many of us who today are so concerned with the 
theory and application of modern lubricants. In its 
most elemental form, it simply means running two 
moving surfaces in actual contact with each other, 
with the hope that their possible dissimilar nature 


*Consultant, and Author of “Basic Lubrication Practice.” 
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or the presence of “oiliness” in the atmosphere will 
keep them from wearing too much or too rapidly. 
This is oftentimes customary practice in the opera- 
tion of detachable chains which are used in conveyor 
and materials handling service, where the links are 
exposed to, or in contact with, dusty or abrasive sub- 
stances such as ore, coal, or rock products. Less 
wear in the long run has been found to develop than 
where a lubricant of necessarily heavy body might 
be used, which would tend to absorb abrasive dust 
and possibly develop a grinding compound effect. 
The ancients took advantage of the same idea by 
using wood as the supporting hub for chariot wheels 
running on wood or iron axles. 

The modern conception of dry lubrication, how- 
ever, presumes that one or both of the operating 
materials which must come in moving contact will 
possess some lubricating value. Here again, wood 
bearings came into the picture; sometimes there was 
the possibility of cooling and reduction of wear by 
water as with water wheels; later it was found 
practicable to impregnate wood such as oak or 
maple with oil, thereby to forestall the need for 
further lubrication in service. While the oil-im- 
pregnated wood bearing and our present day porous 
metal types of bearings should not strictly be re- 
garded as dry materials from a lubrication view- 
point, they do fit into the picture in regard to 
development of the idea. 

Then, there are the so-called dry lubricants, 
also referred to as solid lubricants. Of these, sulfur, 
graphite, white lead, and zinc oxide have been used 
for years, primarily as assistants to fluid lubrication. 
The classic idea of adding a pinch of sulfur to the 
oil to stop a noisy bearing, or to cool down one 
which is running too hot, is historical. The use of 
graphite, in turn, either in dry form or mixed with 
oil or grease is equally as renowned for its bene- 
ficial effects in reducing friction. 

The Bentones and Molybdenum Disulfide are 
more recently developed solid lubricants which are 
distinctive for their stability at high temperatures. 
Bentones have the specific properties of good water- 
resistance, so they are well suited for service where 
considerable water wash may be expected. Molyb- 
denum Disulfide, in turn, has good film tenacity 
and low coefficient of friction, so it is effective in 
reducing friction at high sliding velocities. Boron 
Nitride is another solid lubricant which also has 
excellent stability at high temperatures. This ma- 
terial sometimes is referred to as white graphite by 
reason of its unctuous nature. It is used as a com- 
ponent with silicone type lubricants, the latter 
serving as a carrier to distribute the boron nitride to 
the surfaces to be lubricated. By itself, however, 
this material does not adhere well to metal surfaces. 

“Teflon,” tetrafluoroethylene fiber, is among the 

(Continued on p. 344) 
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CHECKS 
“STICK-SLIP” 
ON A 

GRAND SCALE 


When engineers of Baldwin-Lima- 
Hamilton Corporation designed and built 
this mammoth 5,000,000 pound universal 
testing machine for Lehigh University, 
they realized from years of experience 
that extreme testing pressures could 
cause destructive “stick-slip” action in 
the test specimen grips and the loading 
screws. 


That is why MOLYKOTE Lubricant 
was generously applied to both the grips 
and the screws before the first trial spec- 
imen was broken in this giant universal 
tester. 


Baldwin engineers, as well as en- 
gineers throughout industry, have come 
to depend upon MOLYKOTE Lubricant in 
extreme pressure applications. 


MOLYKOTE is manufactured from 
the purest molybdenum disulfide powder 5,000,000 pound B-T-E Universal Testing Machine 
available to industry today. It is com- installed in Fritz Engineering Laboratory, Lehigh 
pounded under laboratory supervision 
to retain this purity in the manufacturing ee eee 
process and has achieved an enviable 
reputation for overcoming the toughest 
lubrication problems in industry. 


If you are not re- 


MOLYKOTE Lubricant is distributed ceiving the new 


throughout the world, wherever industry LUBRICATON 
faces the obstacles of providing ade- NEWSLETTER, write 
quate lubrication in extreme pressure today on = maa 
pany _letterhea 
and extreme temperature applications. a 


add your name to 
our mailing list. 


MOLYROTE 


ALPHA MOLYROTE 


Main Factories: 65 Harvard Avenue, Stamford, Conn. 
71 Arnulfstrasse, Munich 19, Germany 
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Lubrication 
in the Presence of Nuclear Radiation 


Some effects of pile radiation on the lubrication of bearings 
and gears have been investigated. Three special lubricants, 
shown from previous studies to have unusual radiation sta- 
bility, were used. Apparatus of two types was operated at 
285° F. in a nuclear pile. Motor-driven journal bearings 
were run at 80 rpm through a gear train. Air turbines 
supported by ring-oiled ball bearings were operated at about 
10,000 rpm. Each test was duplicated in the absence of radia- 
tion. Radiation damage markedly shortened the useful life 
of the lubricants. 


INTRODUCTION 


Atomic power plants have been considered for some 
time for the generation of electric power in central stations 
and for the propulsion of ships, aircraft, railroad engines, 
and even automobiles. Early studies showed conventional 
lubricants which might be used in or near such power 
plants to suffer severe radiation damage. The development 
of radiation resistant lubricants was, therefore, begun by 
California Research Corporation early in 1948. Initial 
work involved a general study of the effects of pile radia- 
tion on organic fluids. Factors such as radiation dose, radia- 
tion dose rate, and exposure temperature were investigated, 
as was the influence of radiation on oxidation, on catalysis 
of decomposition by metals, and on the action of chemical 
additives. This initial research was followed by functional 
test work on lubricant formulations which had shown 
promising radiation resistance. 

The over-all investigation was divided into three parts: 
(1) Static Irradiations, in which small amounts of fluids 
were exposed to radiation in containers open to air; (2) 
Oxidation Tests, in which the formulations developed in 
the first tests were screened further both in the presence 
and absence of radiation; and (3) Lubrication Tests, in 
which the more promising lubricants were similarly 
screened. The present article covers the last of these parts 
and is the first unclassified description of the work. 

Table I identifies the fluids used in the lubrication 
work. Each oil was tested in low- and in high-speed 
units, both in the presence and the absence of pile radiation. 


LOW-SPEED LUBRICATION TESTS 


These tests were conducted to determine whether pile 
radiation caused reversible changes in the over-all lubrica- 
tion process or whether effects would be confined to perma- 
nent radiation damage to the organic lubricant. Loaded ball 
and journal bearings and gears were operated in the Oak 
Ridge graphite pile; torque measurements during pile op- 
erating and down periods were obtained, along with final 


*This research was sponsored by the Fairchild Engine & Air- 
plane Corporation under contract to the U. S. Air Force. 


This paper was presented at the ASLE 11th Annual Meeting, Pitts- 
burgh, April 4, 1956. 
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J. G. Carroll & R. O. Bolt 
California Research Corp. 
576 Standard Ave. 
Richmond 1, Calif. 


wear measurements. Comparative data were then secured 
in reference tests outside the pile. 


DESCRIPTION OF APPARATUS 


The apparatus shown in Figure 1 was driven by a 
27-volt, 10,000-rpm, permanent magnet DC motor (Item 
1), which rotated test specimens operating in a bath of 
lubricant. The motor was mounted vertically and sup- 
ported on two metal balls so that it pivoted freely. Power 
was transmitted through the gear box (Item 2) to the 
output journal (Item 4), which was loaded by air pressure 
applied to split steel bushings (Item 8). This load was 
applied from a bellows (Item 5) actuated by air pressure. 
The torque produced by the load applied to the bushings 
caused the motor to pivot on its support balls. This pivot 
force was balanced by an air stream which flowed through 
the small orifice (Item 6) and impinged on the torque arm 
(Item 3) mounted on the motor body. The air pressure 
required to keep this torque arm “floating” on an electrical 
contact was a measure of motor torque. 

The speed of the motor was reduced through the gear 
train in the ratio of 71 to 1. Constant output speed was 
maintained at about 80 rpm by controlling input voltage. 
Speed was measured by electrical pulses which resulted 
from the passage of the commutator segments over the 
brushes. These pulses were transmitted along one of the 
thermocouple wires to an oscilloscope. Strip heaters were 
provided in the block assembly of Figure 1. Temperature 
control was maintained by input voltage adjustments. 

Figure 2 shows the gears, shaft, and bearings of a test 
tig. The bronze shaft and steel bushings were standard 
test parts from the Almen Wear Test Machine.’ The 
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Table I 
Lubricants Employed 


Code Base Fluid | Additives (% by Weight) 
A Di (2-ethylhexy]) 20% 1-Methylnaphthalene, 
Sebacate | 5% Didodecyl Selenide, 


| 2% lodobenzene, 0.01% 
| Quinizarin 

| 
B Poly (propene oxide)-B | 5% Didodecyl Selenide, 
(two ether end groups)! 2% Iodobenzene, 0.01% 
Quinizarin 
5% Didodecyl Selenide, 


6% Iodobenzene, 0.01% 
| Quinizarin 


& Octadecylbenzene 


motor armature support bearings were of 3.5-mm and 
5-mm bore. In all tests, the parts shown in Figure 2 were 
weighed prior to operation of the unit and reweighed at 
the end of the test to yield wear data in terms of weight 
change. 


TEST PROCEDURE 


Three of the assemblies of Figure 1, each containing 
50 ml of a different lubricant, were operated in the Oak 
Ridge pile. The steel bushings (Item 8) were completely 
covered by this quantity of fluid. The test on Oil B was 
run for 105 hours. The units lubricated with Oil A and 
Oil C operated for 95 and 55 hours, respectively. Motor 
commutator failures prevented further operation in the 
latter two Cases. 


Temperature was maintained at 285° F. in all these 
runs. Torque readings were taken at frequent intervals, 
and close watch was maintained during pile down periods 
so that any abrupt changes would be noticed as they oc- 
curred. Such abrupt changes would indicate short-lived 
reversible effects on the over-all lubrication process as op- 
posed to permanent changes in only the lubricants. Loads 
were carefully controlled by adjustment of the air pressure 


Figure 1. Low-speed bearing test unit. Key: (1) drive motor, 
(2) gear box, (3) torque arm, (4) bronze output shaft, (5) 
loading bellows, (6) torque measurement orifice, (7) motor 
connections, (8) steel bushings, (9) heater connections. 
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Figure 2. Weighed parts of low-speed bearing test unit. 
Key: (1) lower armature bearing, (2) upper armature bear- 
ing, (3) end bell and needle bearing, (4,5,6) reduction 
gearing, (7) bronze shaft and drive spline, (8) steel bushings. 


to the load-actuating bellows. Reference runs were con- 
ducted in which the operating conditions were identical 
with those of the pile runs, except for the presence of radia- 
tion. Thus, data from the reference and pile runs could 
be compared. 


RESULTS 
TORQUE DATA 


Figure 3 shows the torque data obtained in the 
reference and in the pile runs. Motor torque in the latter 
was significantly higher. For Oil B this holds true only 
initially since the torque in the pile test decreased below 
that of the reference run at about the one-third point (40 
hours). For Oil A and Oil C, the torque data indicate 
that the lubrication process was adversely affected by pile 
radiation and/or the fluids became poorer lubricants in the 
pile. For Oil B, the torque data show an improvement due 
to the radiation. 

There was a pile shutdown period between 68.9 and 
69.9 hours while the units containing Oil A and Oil B were 
operating. At this time the motor torque was observed 
as the neutron flux was abruptly reduced. No change in 
the operating characteristics of the two units occurred dur- 
ing this period. This shows that no sudden change in the 
over-all lubrication process took place. Instead, the com- 
parison of the torque curves for the reference and the pile 
runs suggests that permanent changes were taking place 
gradually in the lubricant during irradiation. 

Examination of the motors from the pile tests showed 
that thick lacquer coatings (probably from oil vapors) had 
built up on the commutators and carbon brushes. These 
coatings apparently acted as insulators which broke electri- 
cal contact between commutators and brushes with the Oil 
A and Oil C units. This caused their early shutdown in 
the pile. 

WEAR DATA 


In lubrication tests of this type, wear data some- 
times mean more than torque data in evaluating the lubri- 
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Figure 3. Low-speed lubrication tests; comparison of motor torque with and without radiation. 


cant. The data of Table II show that in both the reference 
and pile tests weight changes were generally minor, except 
for the bronze shafts. These lost as much as 1% of their 
original weight. In the pile tests the relation between 
the weight losses of the bronze shafts associated with the 
Oil B, Oil A, and Oil C is 1 to 1.5 to 2.6, respectively. 
Compared to the reference tests, weight losses for Oil A 
and Oil C were markedly higher in the pile tests, although 
Oil B showed lower wear in the pile. 

As shown in Table III, the wear data and the torque 
data both signify that the lubricating ability of Oil B im- 
proved on irradiation. The other two oils became poorer 
lubricants on exposure. 

FALEX TEST RESULTS corroborate the improvement 
in wear properties of the Oil B on irradiation. In this 
work a sample of uncompounded base oil [poly (propene 
oxide) with one ether and one hydroxyl end group] similar 
to that of Oil B was irradiated. Table IV summarizes 
the results of tests on the irradiated and the original fluid 
in the Falex Lubricant Tester.” 


In the Falex Extreme-Pressure Test, the film strength 
of a lubricant is measured. A one-fourth inch shaft rotates 
in a pair of steel “V” blocks which are covered with the 
test lubricant. Load is gradually applied until the oil film 
ruptures and metal seizure occurs. This is taken as the 
point of failure and is shown by scoring and high torque. 
Irradiated Oil B showed appreciably improved film strength 
in this test over its original value. The Falex Wear Test 
also utilizes a one-fourth inch shaft turning in a pair of 
steel “V” blocks. A relatively low weight loss of the shaft 
is the index of good antiwear properties of the lubricant. 


LUBRICANT DETERIORATION 


Table V summarizes data on the radiation induced 
thickening of the three oils in the low-speed experiments. 
In the reference runs, the three fluids showed significant 
changes in viscosity; however, these are minor when com- 
pared to the thickening experienced in the pile tests. The 
viscosity increases in the latter tests were quite high con- 
sidering the low radiation dosage. This may indicate that 
thickening was catalyzed by the action of the metals despite 


Table II 
Low-Speed Tests 
Weight Change on Wearing Parts 


Machine Parts Weight Change, Milligrams 
ies Weight, Oil A Oil B Oil C 
Grams Ref. Pile Ref. Pile Ref. Pile 

Three Bearings 18 +9.9 —]42 +0.5 —=24 +6.2 —19.1 
Three Gears 8 +2.7 +1.4 +0.5 +2.1 +0.1 +2.5 
Two Steel 

Bushings 21 —10.1 —1.0 “0:5 
Bronze Shaft 
(and drive spline) 8 +6.4 —45.6 —70.0 —29.8 —16.2 —782 
Total 55 +20.7 —68.5 —70.0 —374 —9.4 —100.1 
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Figure 4. High-speed bearing test unit. Key: (1) turbine rotor, (2) housing components, (3) rotor bearings, (4) oil rings, 


(5) air inlet, (6) air outlet, (7) components of speed pickup. 


the presence of the metal deactivator (quinizarin) in the 
oil. In the pile tests, the 100° F. viscosity increased as 
follows: Oil B - 75%; Oil C - 81%; Oil A - 262%. In 
the tests without radiation, the increase was considerably 
less but still significant. The 100° F. viscosity increase was 
about 16% for both Oil B and Oil C and was 41% for 
Oil A. Thus, even the exposure in the absence of radia- 
tion at 285° F. with metal catalysts present had an ap- 
preciable effect. 

The wear and torque data discussed previously showed 
that the lubricating properties of Oil B improved on irradia- 
tion. The question arises as to the dependence of this im- 
provement on the viscosity of the oil under test. The data 
of Table V show the lack of influence of viscosity. Thus 
Oil A and Oil B have about the same viscosity after irradia- 
tion yet both torque and wear data (see Table III) show 
Oil B to be superior to Oil A. 


HIGH-SPEED LUBRICATION TESTS 


The high speed tests were conducted primarily to 
determine the effect of pile radiation on fluids lubricating 
high speed bearings. Air turbines supported by ball bear- 
ings were operated at about 10,000 rpm in the Oak Ridge 


Table III 


Summary of Wear and Torque Data 
in Low-Speed Tests 


Torque, Ft-Lb 


Weight Loss of 


Lubricant Bronze Shaft, mg i as Pile Reference 
Pile | Min. | Max. | Min. 
OilA 45 1s] 0.115 | 0.040 |0.055 0.014 
Oil B 30 0.130 | 0.029" |0.072” | 0.029 
OC 78 16 | 0.130 | 0.065 |0.080 0.043 


“Lower value predominant, "Higher value predominant 
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pile. Used lubricating fluids from these were compared 
with duplicate fluids which were subjected to identical test 
conditions, but in the absence of radiation. 


DESCRIPTION OF APPARATUS & TEST PROCEDURE 


The high speed test unit, which is shown in Figure 4, 
consisted of three components: an air-driven turbine 


Table IV 
Falex Tests on Oil B-Type Base Oil 


Description of Test Original Oil Irradiated Oil* 


1. Falex Extreme-Pressure Test: 
(Load applied at rate of 
250 lb per minute; steel on 
steel; 19.6 fpm; room temp.) 
Load at Failure, lb 1250 2250 


. Falex Wear Test: (500-lb 
jaw load; 30-minute test at 
19.6 fpm and room temp.; 
steel on steel) 
Wr. Loss of Steel Shaft, mg 10.8 35 


“Irradiated in Oak Ridge graphite pile at 86° F. and 75% maxi- 
mum flux for a dosage whcse slow neutron portion was 
1.6 x 1018 neutrons/cm*. 

Table V 


Lubricant Deterioration in Low-Speed Tests* 


Viscosity, Centistokes 


Lubricant 100° F. 7 210° F. 
Orig. _Ref._|_Pi _Pile_ | Orig. Ref. Pile 
A as | 130 | 328, 25 | 35 | 65 
B a7.7 20.0 31.0 | 43 4.8 6.1 
& 9.8 11.4 17.7 | 27 2.9 3.9 


"Exposed in pile at 285° F. and a radiation dosage whose slow 
neutron component was 4 x 10!7 neutrons/cm?. 
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(Item 1) and two separate oil sumps. Each of the two 
10-mm bore (R-6) turbine bearings (Item 3) was lubri- 
cated from its sump by an oil ring (Item 4) which turned 
on the shaft. The entire unit was made of 2S aluminum, 
except for the bearings and the steel sleeves which sup- 
ported them on the rotor shaft. In order to maintain the 
test oil at the desired temperature of 285°F., the air 
which drove the turbine was preheated. This was done 
by passing a low voltage-high amperage electric current 
through the 20-foot aluminum tubes which supplied air 
to the apparatus. 

The speed of the turbine was measured by an electrical 
impulse which was induced once each revolution when a 
small magnet in the turbine wheel passed a fixed coil 
(Item 7) in the cover plate. The impulse was trans- 
mitted along one of the thermocouple wires to an oscillo- 
scope. Matching this unknown impulse to first, second, and 
third multiples of 60 cycles/second on the oscilloscope 
allowed the adjustment of turbine speeds to 3,600, 7,200, 
and 10,800 rpm, respectively. The speed of the turbine 
was controlled at these approximate levels by varying the 
inlet air pressure. 

Three of these test rigs, each containing a different 
lubricant, were operated in the pile. Fifteen milliliters of 
the test oil were placed in each of the two sumps of a unit 
prior to insertion in the pile. 


RESULTS 
LUBRICANT DETERIORATION 


Table VI summarizes the viscosity data for the 
lubricants used both in the pile runs and in the runs in the 
absence of radiation. The viscosity changes indicate that 
Oil B was damaged the least in the pile experiments 
with an increase in the 100° F. viscosity of about 125%. 
The value for Oil A is about four times this figure, while 
that for Oil C is in between. The relative order of viscosity 
increase in the reference tests is approximately the same; 
i.e., Oil B increased in 100° F. viscosity by 10%, Oil A by 
about 40%, and Oil C was intermediate. As in the case 
of the low speed tests, it is evident that the damage in the 
reference exposure alone is appreciable in an operating unit 
at 285° F. Part of this may be due to the loss of the more 
volatile components of the fluids, i.e., iodobenzene and/or 
1-methylnaphthalene. 

Direct comparisons with the oils of the low speed 
tests on the basis of viscosity increase are not valid due to 
the difference in radiation dosages involved. However, ad- 
justment of the viscosity increases to a common radiation 
dosage allows the conclusion that viscosity increase was 
roughly equal in the two types of tests. 


APPEARANCE OF TEST APPARATUS 


The high speed in-pile tests resulted in greater 
amounts of sludge and carbon formation than were ob- 
served in the reference tests. These deposits were noted 
on the walls and sides of the sumps and on the bearing 
housings. The bearings of the in-pile experiments were 
closer to failure at the completion of the tests. This was 


Table VI 
Lubricant Deterioration in the High Speed Tests* 


Viscosity, Centistokes 
Orig. | Ref. | Pile | Orig. | Ref. Pile 
A 8.8 13.3 58.0 2.5 36 88 
B 17.7 19.5 | 403 43 46 | 64 
17.7 19.6 | 33.9 43 | 46 | 58 
| 5.9 


¢ | 98 | 116 | 343 
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"Exposed in the pile at 285° F. for a radiation dosage whose 
slow neutron component was 6 x 10! neutrons/cm?. 


due primarily to lacquer deposits on the bearings them- 
selves rather than to mechanical damage, such as scoring, 
galling, or pitting and represents the effect on the bearings 
of the degraded oil. Rockwell “C” hardness* tests were run 
on the bearings after exposure. A slight amount of soften- 
ing was indicated. 


SUMMARY 


High speed antifriction and low speed journal bear- 
ings lubricated with special fluids were operated in the 
Oak Ridge graphite pile. A temperature of 285° F. and 
a radiation dose whose slow neutron component was about 
5x 10'7 neutrons/cm? were employed. None of the bear- 
ings was run to mechanical failure at the operating tempera- 
ture so that this dosage does not indicate the limit of 
operability. On the basis of the limited tests reported here, 
the following conclusions can be drawn: 

1. The over-all lubrication process does not appear 
to change with the sudden decrease of neutron flux, such 
as occurs during pile shutdown. This indicates that no 
short-lived changes in this process occur. 

2. The presence of pile radiation markedly shortens 
the useful life of a lubricant. Compared to lubricant change 
in the presence of pile radiation, that suffered in the absence 
of radiation under identical conditions is minor. 

3. The compounded sebacate fluid is a better lubricant 
than the octadecylbenzene in the presence of pile radiation, 
even though the former fluid undergoes greater deteriora- 
tion. 

4. Wear data from bench tests on an irradiated 
poly(propene oxide) tend to confirm the results of the 
functional tests, which indicate that the wear properties 
of this type of oil improve upon irradiation. 

5. Of the materials reported here, the compounded 
poly(propene oxide) is the most satisfactory lubricant in 
a pile atmosphere. This is based on wear and torque data, 
appearance of the lubricated parts, and oil deterioration as 
measured by viscosity change. 
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Current Research the Bacteriology 
Soluble Oil Emulsions 


H. Pivnick, L. R. Sabina, R. Samuel-Maharajah & C. K. Fotopoulos 
University of Nebraska, Department of Bacteriology 


This report discusses current research in the bacteriology of 
soluble oil emulsions. The areas of research mentioned con- 
cern pathogenic bacteria, disinfection, oxidation of oils, 
hydrogen sulfide production, and taxonomy and physiology 
of pseudomonads from oil emulsions. The research indicates 
that (1) some pathogenic bacteria grow readily in soluble 
oils, (2) disinfection is an extremely complex problem with 
many variables, (3) oils vary in their susceptibility to micro- 
bial oxidation, (4) microbial reduction of inorganic sulfur 
occurs readily, and (5) relatively little is known of the micro- 
bial population of soluble oil emulsions. 

Bacteria are found in most soluble oil emulsions and 
synthetic cutting fluids used in industry. The oils, when 
delivered by the manufacturer, are sterile. However, when 
mixed with water, they may readily support microbial 
growth. 1-5 The growth of bacteria indigenous to the 
emulsions results in oxidation of components of the oil, 
lowering of the pH and production of malodorous com- 
pounds. Studies of these microbial activities may indicate 
methods of improving the formula of soluble oils or of con- 
trolling the growth of contaminating bacteria. 

The predominating types of microorganisms found in 
emulsions used in industry belong to the genus Pseudo- 
monas.!: 2:67 However, members of the genera Achroma- 
bacter, Aerobacter, Escherichia and Bacillus, as well as yeasts 
and molds, have been reported. Also, both areobic’ and 
anaerobic? members of the genus Vibrio have been isolated. 
Coliform bacteria, indicative of fecal pollution, are found 
regularly in about half of the samples of used emulsions 
obtained from industry ® 2° but usually comprise less than 
one per cent of the microbial population. 

Pathogenic bacteria, such as those causing boils, have 
been isolated occasionally from cutting fluids. 141° They 
do not grow in this medium, * 11 however, and survive for 
only a few days. It appears that the main cause of boils 
and related afflictions is an invasion of the defatted or 
abraded skin by potential pathogens which are normal resi- 
dents of the skin.1* 15 

Attempts to control microbial activity in emulsions is 
carried out with varying degrees of success. For example, 
one sample of emulsion, obtained from an automobile 
manufacturer, was accompanied by a letter which stated 
that bacteria caused no trouble in their emulsions because 


*This investigation was supported, in part, by a research grant, 
RG-4266(c), from the National Institutes of Health, United 
States Public Health Service. 

This paper was presented at the ASLE 11th Annual Meeting, 
Pittsburgh, April 5, 1956. 
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they added disinfectants. But this sample was found to 
contain a high bacterial count and over 100,000 coliform 
bacteria per ml. The most commonly used methods of 
control employ pasteurization®® or the addition of chemical 
disinfectants. But frequently the cardinal rule of sanitation, 
cleaning before adding the disinfectant, is entirely neg- 
lected. 

In order to carry out controlled studies of microbial 
activity, it is necessary to isolate pure cultures from the 
mixtures of bacteria found in the emulsion. ‘These cultures, 
either singly or in mixtures, are then inoculated into sterile 
emulsions or components of emulsions. It is only by such 
methods of investigation that the cause of microbial break- 
down of soluble oils will be discovered. 

Work in progress in our laboratory in the field of 
microbiology of soluble oil emulsions can be divided into 
five areas. 

1. Growth of pathogenic bacteria which cause typhoid 
fever and related enteric diseases. 

2. Disinfection of soluble oil emulsions. 

3. Oxidation of soluble oil emulsions and components 
of soluble oils. 

4. Reduction of inorganic sulfur compounds in soluble 
oil emulsions. 

5. Study of the taxonomy and physiology of bacteria 
isolated from soluble oil emulsions. 


GROWTH OF PATHOGENS 

Coliform bacteria are harmless inhabitants of the in- 
testinal tract. But their presence in oil emulsions may be 
considered with some gravity because the fecal matter 
which introduces these microorganisms may also contain 
pathogenic bacteria of the enteric fever group. Sanitarians 
would not hunt for enteric fever bacteria in oil emulsions 
because of the difficulty of isolating them. They would, 
however, consider that any emulsion containing coliform 
bacteria was polluted with fecal matter and potentially 
dangerous. 

Pathogenic bacteria of the enteric fever group grow 
readily in soluble oil emulsions’* and may survive for many 
weeks.’1 In the presence of the microflora indigenous to 
industrially-used emulsions, the pathogens are gradually 
killed off (Figure 1) but this is a prolonged process. Ex- 
posure in the oil for several weeks does not reduce the 
virulence of these pathogens when tested by injection into 
mice. 

It is impossible to state, at the present time, whether 
or not the ability of such organisms to grow in soluble oil 


September-October, 1956, LUBRICATION ENGINEERING 


| 


emulsions presents a potential public health hazard. When 
one considers the frequency with which coliform bacteria 
are found, the production of aerosols as a result of plant 
operations, and the rapidity of microbial growth, one cannot 
disregard the matter entirely. We would like to emphasize, 
however, that we have never encountered in the scientific 
literature any record of enteric fever spread by cutting oils. 


DISINFECTION 


Whenever microbes become a nuisance, methods of 
control are instituted. In soluble oil emulsions, these 
methods have been limited to destruction of the micro- 
organisms by heating the emulsion and by chemical disin- 
fection. 

The practice of heating the emulsion (pasteurization ) 
to destroy bacteria is limited because microbes can regain 
entrance to the emulsion, and within two or three days 
may be as numerous as they were before the pasteurization 
process.!° Disinfection poses more problems than the mere 
killing of bacteria. The disinfectants may be sensitizing 
and cause dermatitis? They may be added indiscrimi- 
nately and excessively,!* or they may be added in such small 
amounts as to be entirely useless, thus deluding the plant 
operator. Moreover, there is a possibility that they may 
selectively destroy one type of bacteria which normally acts 
antagonistically to pathogenic bacteria without destroying 
the pathogens. This artificial upset of the natural order 
may thus allow pathogens to grow, unhindered by their 
normal competitors. 

No evidence for the preceding statement is available 
in the field of soluble oil microbiology, but analogous situa- 
tions have been reported in the medical journals. For 
example, antibiotic therapy of humans prior to oral surgery, 
or for other reasons, may reduce the normal microbial 
content of the intestine to such an extent that antibiotic- 
resistant pathogenic bacteria, ordinarily kept in check by 
the normal intestinal microflora, grow rapidly with serious 
consequences. 

Although soluble oils are sterile when sold by the 
manufacturer, they may readily become contaminated under 
conditions of use and support microbial growth. Most 
manufacturers, therefore, are vitally concerned with control 
of the contaminating bacteria. In one way or another, they 
usually hear about bad odors and broken emulsions even 
though faulty sanitation in the machine shop may be as 
responsible as any intrinsic quality of the oil. For these 
reasons a survey of leading oil manufacturers was carried 
out in 1954 in an attempt to find out their policies with 
respect to disinfection of soluble oils. 
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Figure 1. Growth and decline of a pathogenic bacterium 
(Salmonella schottmuelleri) in the presence of pseudomonads 
in oil emulsion. 


The answers to our enquiry indicated that there was 
no uniform policy in the industry. Some companies stated 
that disinfectants should be added by the manufacturer; 
others believed that, because the soluble oil may be diluted 
with 10 to 100 parts of water, a disinfectant added by 
the manufacturer would be too concentrated at a 1:10 
dilution of the oil or too weak at a 1:100 dilution. They 
advocated addition of disinfectant by the user. The third 
opinion was that disinfectants are unnecessary if sanitation 
is adequate. 

Most companies produce soluble oils containing dis- 
infectants, though it is our opinion that many of these are 
of limited value. Our studies show that several soluble oils 
containing disinfectants will grow as many bacteria as those 
without disinfectant when diluted with 100 parts of water. 
Of several soluble oils containing disinfectants, only one 
showed active bactericidal properties, and this property was 
maintained less than one week under conditions simulating 
those found in industry. 
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Our survey elicited information about disinfectants 
which were to be added by the users, and samples were ob- 
tained and tested by methods simulating industrial condi- 
tions. Other compounds, not previously used in soluble 
oil emulsions were also tested. It was found that disinfec- 
tants, used according to the manufacturers’ recommenda- 
tions, often had little effect in decreasing the total microbial 
content of the emulsions. Studies concerned with the selec- 
tive destruction of certain groups of bacteria, or the control 
of disagreeable odors, have not yet been undertaken. 

Disinfectants added by the machine shop operator may 
be required in higher concentration when an oil is diluted 
1:10 than when the same oil is diluted 1:100. Some dis- 
infectants which have been tested in our laboratory in a 
concentration of one part of disinfectant to 1000 parts of 
emulsion gave adequate bacterial control when the emul- 
sions contained one per cent of soluble oil. The same con- 
centration of disinfectant was useless in emulsions contain- 
ing 10 per cent of soluble oil. Apparently some compo- 
nent of the oil inactivates some disinfectants. 

Aeration of an emulsion and circulation through iron 
chips may inactivate a disinfectant. For example, one oil 
contained a disinfectant which killed all bacteria added to 
the emulsion within one day. The same emulsion was 
reinoculated 8 days later with sufficient bacteria to give 107 
organisms per ml., and within 24 hours of reinoculation the 
microbial population had increased to 2.4 X 10° bacteria 
per ml. 

When planning a disinfection program, the plant 
engineer must realize that the addition of disinfectants is 
not 2 cure for all of the ills which beset soluble oil emul- 
sions. Sanitation, the adequate cleansing and disinfection 
of systems prior to filling with fresh emulsion, is a necessary 
beginning. Intelligent addition of disinfectants in adequate 
but not excessive amounts may be of additional value. Such 
disinfectants should be non toxic to the plant operator 
under the conditions of use. It appears that a well-planned 
disinfection program would benefit from an alliance of 
engineer, microbiologist, and toxicologist. 


THE MICROBIAL OXIDATION OF SOLUBLE OILS 


The breakdown of soluble oil emulsions is, in part, 
due to the microbial oxidation of the hydrocarbons with a 
concomitant drop in pH. The components of the emulsifier 
system, however, are probably more susceptible to oxidation 
than the hydrocarbons. Our research has indicated that 
with a given species of bacterium, different soluble oils 
will be oxidized at different rates. Also, different bacterial 
species differ in their capacity to oxidize a single soluble 
oil. 

Emulsifiers are oxidized at different rates and most of 
them appear to be more susceptible to oxidation than a 
pale oil. Of several emulsifiers examined, triethanolamine 
oleate was the most susceptible to oxidation, while petro- 
leum sulfonate was the most resistant. Pale oil was not 
oxidized when subjected to conditions used for the mi- 
crobial oxidation of emulsifying agents. 

REDUCTION OF INORGANIC SULFUR 

In microbial respiration inorganic sulfur, in a form 
more oxidized than sulfide, may act as an electron acceptor. 
The electron donor (material being oxidized) may be 
hydrogen or such organic compounds as the microorganism 
is capable of metabolizing. The oxidative reactions result 


312 


in a production ot energy which is used vy tne cell. Several 
species of bacteria are capable of obtaining energy while 
using such inorganic sulfur compounds as sulfate, thio- 
sulfate, and sulfur as electron acceptors. 

There are many opportunities for inorganic sulfur 
compounds to appear in soluble oils. The manufacture of 
petroleum sulfonates results in the retention of some in- 
organic sulfate, while some waters used in the emulsion 
contain sufficient sulfate to produce hydrogen sulfide in 
appreciable amounts. The bacteria which reduce sulfate 
are obligate anaerobic members of the genus Vibrio,!® but 
it is possible that additional types may be found capable 
of bringing about the same reaction. Organic sulfur com- 
pounds of the petroleum sulfonate type are relatively re- 
sistant to conversion to hydrogen sulfide. 

Thiosulfate, although not likely to be a component 
of emulsifiers, has been studied in our laboratory with re- 
spect to reduction by bacteria. Thiosulfate may be reduced 
by the same bacteria which reduce sulfate but, in addition, 
there are many other types of bacteria which can reduce 
this compound. 

Elemental sulfur, which may be present in some sul- 
furized oils, is readily reduced by many common hetero- 
trophic bacteria. Sulfur may also arise from the atmos- 
pheric or microbial oxidation of sulfide. 

It is possible that a sulfur cycle, similar to those exist- 
ing in soil and water, will be found in soluble oil emulsions. 
The sulfur cycle represents microbial oxidation of reduced 
sulfur compounds to sulfate under aerobic conditions, and 
the reduction of oxidized sulfur compounds to sulfide under 
anaerobic conditions. Our research indicates that reduc- 
tion occurs readily, but up until now we have not con- 
cerned ourselves with microbial oxidations of sulfur. 


TAXONOMY & PHYSIOLOGY 


Taxonomy is the science upon which the classification 
of the biological world rests. The botanists and zoologists 
classify plants and animals almost entirely on the basis of 
morphology. But the bacteriologist, because of the small 
size of the organism which he studies, uses morphology 
only to a limited extent. The chief basis for microbial 
taxonomy is a study of microbial physiology. 

Many of the physiological studies routinely used in 
bacteriological laboratories are generally satisfactory for 
identification of isolated organisms with known species. 
When studying some isolates, however, the usual tests are 
not adequate and additional investigations of nutrition, 
metabolic pathways, and pigments, are carried out. These 
exacting and time-consuming studies are especially im- 
portant when a new species is being described or when an 
original published description is inadequate. In some cases 
it is necessary to obtain reference organisms and study them 
simultaneously with the bacteria under investigation. 

Our studies of taxonomy and physiology are con- 
cerned with the following organisms. Pseudomonas formi- 
cans was first isolated from sewage by Crawford!? who 
briefly described and named it in 1954. Our isolates, ob- 
tained from a sample of emulsion in 1953, are being studied 
in considerable detail. The results of our work should ex- 
tend our knowledge of this organism considerably. 

Pseudomonas oleovorans was isolated from soluble oil 
emulsions by Lee and Chandler and first described and 
named in 1941.2 Thie organism is isolated consistentlw 
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from soluble oil emulsions but the isolates differ slightly 
from those described by Lee and Chandler. Comparison 
of our isolates with cultures of P. oleovorans obtained from 
the National Type Culture Collection (N.T.C.C.) indicate 
either that Lee and Chandler made an error in their de- 
scription, or that the cultures of Lee and Chandler which 
we obtained from the N.T.C.C. are mutants of the original 
isolates. 

Pseudomonas species A, isolated in our laboratory from 
soluble oil emulsions, appears to be a new species. Its 
carbohydrate metabolism is so unusual that, to date, no 
comparable metabolic activity has been reported in the 
scientific literature. Pseudomonas species B, isolated in our 
laboratory from soluble oil emulsions, differs from most 
recorded pseudomonads by the production of a water- 
soluble brown pigment. It appears to be a hitherto un- 
described organism. 

In addition to the above species, upon which con- 
siderable investigation has already been carried out, we are 
beginning a study of isolates which metabolize inorganic 
sulfur. 


At the present time our knowledge of the microbiology 
of soluble oil emulsions is infintesimal in relation to what 
is still unknown. Like any branch of science, the more one 
studies, the more one appreciates how much more there 
is still to be studied. In 15 or 20 years we may be able 
to give a more unified picture of the complex changes 
occurring in this fascinating medium. 
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Our observations on the normal flora of soluble oil emulsions 
concur in a general way with those of Dr. Pivnick. Various 
species of Pseudomonas were commonly observed, although we 
have also isolated Escherichia coli and Aerobactor aerogenes. One 
emulsion obtained from industry contained predominantly Aero- 
bacter, and it was resistant to all of the bacterial inhibitors we 
were using at that time. 

There is one additional observation that may be of interest. 
We have studied one sample of used soluble oil emulsion that 
contained 710,000,000 bacteria per ml. This is the highest count 
ever reported for emulsion oils. 


PRESENCE & GROWTH OF PATHOGENS 
IN CUTTING OILS 


We have studied the effects of various types of straight oils 
and emulsion oils on bacterial survival. For purposes of conven- 
ience, the straight oils were divided into heavy, medium, and light 
oils. 

Gram-positive pathogenic bacteria as a group do not appear 
to present a problem as they do not survive in cutting oils. Mem- 
bers of the Gram-negative group, particularly those causing gastro- 
intestinal disturbances, constitute the major source of trouble. From 
the standpoint of bacterial inhibition, the Gram-negative bacteria 
are the most difficult to inhibit. 

Pathogenic bacteria do not survive in heavy straight oils; in 
fact, there is evidence to indicate that no bacteria will be found 
in this type of oil. 

Gram-negative pathogenic bacteria can survive in medium 
straight or light straight cutting oils for four or five weeks, and 
for indefinite periods in emulsions. 

We have previously reported the isolation in almost pure 
culture of Micrococcus pyogenes var aureus from an emulsion taken 
from a plant where several workers were suffering from cutaneous 
infections at the time the sample was taken. The organism could 
not be recovered from the oil after the sample had been in the 
laboratory for one week. 

Previous attempts to isolate Enteric pathogens from used cut- 
ting emulsions have not been successful. Dr. Pivnick has shown 
that these organisms are often antagonized by the oil and other 
bacterial flora. Consequently, they are present only in minute 
quantity when the sample is received in the laboratory. When 
we are examining an oil for Enteric pathogens, we subject it to a 
gravitational force of approximately 23,000 G. for about 20 min- 
utes. This will pack most of the bacteria and debris in the bot- 
tom of the tube and, thus, concentrate the pathogens which might 
be present. We inoculate the packed bacteria onto special selec- 
tive, differential and enrichment media. As a result of this tech- 
nique we have been able to isolate a Paracolon and a Salmonella 
from used cutting emulsions. The Salmonella was isolated from 
the same emulsion at three different times. Possibly this tech- 
nique will be helpful to others interested in this problem. 

While studying the survival power of Salmonella typhosa in 
cutting emulsions, one member of our group contracted a severe 
case of typhoid fever. At the time of his infection, the organism 
had been cultured in the oil for over four weeks. There seems to 
be no doubt that the infection was contracted from the emulsion 
oil. This laboratory accident indicates that bacteria can retain 
their ability to infect man in cutting emulsions for considerable 
periods of time. 


DISINFECTION OF CUTTING EMULSIONS 


During recent years a great deal of effort has been expended 
in attempts to find bacterial inhibitors suitable for use in cutting 
emulsions. 

In a search for a bacterial inhibitor for this purpose, two 
major lines of approach are available. First, through a knowledge 
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of the metabolism of the organisms in question, compounds may 
be selected which will specifically interfere with, or prevent, me- 
tabolism to the point where multiplication ceases and spoilage of 
the oil is eliminated. Second, in the absence of such specific in- 
formation on the metabolism of the invading organism, our only 
recourse is to determine the ability of a wide variety of substances 
to inhibit multiplication of the bacteria in question. The latter 
method is commonly known as screening and is the method which 
has been most productive for finding chemotherapeutic agents of 
clinical usefulness. 

In the case of cutting emulsions, because of our limited knowl- 
edge regarding the metabolism of the spoilage organisms, the only 
method that offers promise of early success is random screening. 
This does not mean, however, that the metabolic approach should 
be abandoned. 

Any screening procedure involves, to a high degree, the ele- 
ment of chance. The desired active compound may be found with- 
in the first ten tested, or may not be encountered until many hun- 
dreds have been studied. For the same reason, the amount of 
labor expended is very great because, out of all of the tests per- 
formed, the only really useful test is that one which detects or in- 
dicates the active substance for which we are searching. 

The major effort of our laboratories has been directed toward 
screening bacterial inhibitors for use in emulsion oils. This work 
has resulted in the study of several hundred different compounds 
as possible cutting oil inhibitors. 

Our objective was to develop a testing procedure which would 
thoroughly test the inhibitor under circumstances as similar to in- 
dustrial conditions as was practical. Ultimately, a two-stage test- 
ing procedure was developed which has given considerable suc- 
cess in connection with industrial research projects. First, a screen- 
ing test is carried out to determine potential inhibitors that might 
be effective in emulsion oils and to eliminate the many compounds 
that are unsatisfactory. Sterile mixtures of emulsion and inhibitor 
are inoculated with used cutting emulsion collected just prior to 
use. Collection of the used emulsion just before use is very im- 
portant, because the bacterial flora will change considerably both 
in numbers and types of organisms even when stored in the cold. 

The inoculated inhibited emulsions are then mechanically 
agitated on a laboratory shaker at room temperature for 7 days. 
Immediately after inoculation, and at 24-hour intervals thereafter, 
the tubes are studied for the presence of viable bacteria using rou- 
tine bacteriological procedures. Inhibitors which can kill all 
inoculated bacteria within the 7 day period are then studied more 
extensively in the second phase. 

In the second phase of the testing procedure, large open jars 
containing 3,000 ml. of emulsion and inhibitor are inoculated with 
a small quantity of used emulsion. These jars are open to aerial 
contamination and are aerated. The number of bacteria in each 
unit is determined twice each week, and the study is usually con- 
tinued for as long as the oil remains sterile. The most effective 
compounds are then studied under actual industrial conditions. 

We first studied compounds marketed as commercial cutting 
oil inhibitors. None of the numerous commercial cutting oil in- 
hibitors studied were able to inhibit all bacteria for a significant 
period of time. In several instances, the emulsion oil treated with 
these inhibitors contained more bacteria than the uninhibited con- 
trols, indicating that some commercial cutting oil inhibitors may 
actually contain substances that favor bacterial growth. 

It became apparent that other bacterial inhibitors should be 
studied in an attempt to find effective emulsion oil inhibitors. The 
question often arises as to ‘the basis on which one should select 
compounds for testing. Because of the nature of a screening pro- 
gram, there should be no basis for selection except availability and 
possibly cost. The purpose of the screening program is apt to be 
defeated when an attempt is made to find a rational basis for the 
selection of substances. This follows from the fact that a screen- 
ing program is necessary only because of the absence of any rational 
basis for the selection of substances for test. The random selection 
of compounds to be tested should be adhered to as strictly as pos- 
sible. 

Our initial study involved 51 compounds. We found that 
the phenylphenates, chlorophenates, bis-phenols, amines, and 
quaternary ammonium compounds were generally ineffective as cut- 
ting oil inhibitors. Only a few compounds in these groups showed 
any activity. We found that the quaternary ammonium com- 
pounds in some instances were stimulatory to bacterial growth in 
cutting emulsions. Of the 51 compounds studied, 6 had poten- 
tial application as cutting oil inhibitors. 
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One of the most interesting observations we have obtained 
from our studies is that very slight chemical modification of a com- 
pound may drastically affect its inhibitory activity in cutting emul- 
sions. For example, tris (hydroxymethyl) nitromethane was com- 
pletely inhibitory for the entire test period of 60 days, but tris 
(hydroxymethyl) aminomethane was effective for only 1 day. 
Another example was the case of 2,4,5 trichlorophenol and 2,4,6- 
trichlorophenol which were effective for the entire test period, 
while 2,3,4,6-tetrachlorophenol was effective for only 1 day. 

We have found in many instances that a bacterial inhibitor 
will be effective in one emulsion oil and completely ineffective in 
another. For example, Pivnick and Fabian (1953) using a dif- 
ferent cutting oil than the one studied by us found that 1,3-di- 
chloro-5, 5-dimethyl hydantoin and 2,4,6-trichlorophenol were in- 
effective. These compounds, however, proved very effective in 
the cutting oil used in our investigation in the same concentra- 
tion. It has been observed in our laboratories that each formula- 
tion of cutting emulsion must be studied individually with inhibi- 
tors. Just because a compound has been reported to be an effec- 
tive cutting oil inhibitor does not mean that it is effective in all 
formulations. We strongly disagree with the attitude that bac- 
terial inhibitors should be added by the user rather than the manu- 
facturer, unless the user is carrying out an inhibitor testing pro- 
gram and has found that the inhibitor is effective in the specific 
cutting emulsion being used. 

From our studies we believe that bacterial growth in cutting 
emulsions may be reduced or controlled in three ways: 

1. Formulation of the cutting oil so that it offers maximum 
resistance against bacterial oxidation. 

2. Use of a water oil ratio that offers the greatest resistance to 
the development of large bacterial populations. 

3. Use of a bacterial inhibitor which has been shown to be 
effective in the specific emulsion oil. 

It must be remembered that an inhibitor will not always be 
effective in every situation. A large bacterial population is con- 
tinually changing through mutation. If the conditions are opti- 
mum, mutants may develop that are resistant to the inhibitor and 
the emulsion will spoil. 

We feel that the destruction of pathogenic bacteria in cut- 
ting oils offers no problem. Of all bacteria, the pathogens are 
easiest to kill, due to their dependence on other living organisms 
for survival and the effect parasitism has had on their physiological 
activities. On the other hand, the Psexdomonas group is the most 
difficult to inhibit, due to its numerous alternate pathways of me- 
tabolism and adaptive abilities. Therefore, any inhibitor which 
will inhibit the growth of Pseudomonaiae will inhibit the growth 
of the pathogens. 


THE MICROBIAL OXIDATION OF SOLUBLE OILS 


At the present time little is known about the physiological 
activities of bacteria in oil emulsions. This is unfortunate be- 
cause once we have elucidated the mechanism by which bacteria 
oxidize the emulsion, then bacterial inhibitors may be chosen more 
intelligently to stop the process. 

One of the most important prerequisites for physiological 
studies with bacteria is a standard inoculum. We have tried to 
keep the bacterial population of emulsion oils constant for long 
periods of time so that a series of experiments could be compared 
with each other. Unfortunately, we have not been able to develop 
a standard inoculum to our satisfaction. The first method of pres- 
ervation studied was quick freezing. Samples of emulsions con- 
taining 26 million organisms were frozen at —70° C. and stored 
in an ice chest. After 24 hours the emulsion contained less than 
1,000 organisms/ml. Samples stored under refrigeration showed 
a 55 per cent reduction of viable bacteria after 9 days. Samples 
stored at room temperature showed a reduction of 68 per cent 
after 9 days. We have had to rely on keeping an inoculum grow- 
ing in the laboratory at all times. 

We have had occasion to study the bacterial contents of cut- 
ting emulsions for many months, and have observed a day by day 
fluctuation in the bacterial populations giving a cyclic effect. We 
interpret this phenomenon as an indication that the oxidation of 
cutting emulsions may take place in several stages or growth 
cycles, and may involve several different genera, species, or mu- 
tants of one species. If this assumption is correct, the mode of 
oxidation of cutting emulsions may be quite complex. Work is 
beginning in our laboratory on this problem. 

At one time we had occasion to perform total nitrogen de- 
terminations on several different emulsion samples. Nitrogen is 
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an essential element needed for the synthesis of protein, yet the 
nitrogen content of several emulsions was very low. One emulsion 
sample (1-25 dilution) had a nitrogen content of about 3.5 micro- 
grams per ml, yet this sample could support bacterial populations 
of 30 or 40 million organisms for several months. ‘This indicates 
the possibility that nitrogen fixation may be taking place in the 
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Cold Rolling of Phosphated Steel Strip, 
by W. Lueg & K. H. Treptow; “Stahl 
und Eisen,” Vol. 75, No. 17, 1955, pp. 
1085-92; 14 figs., 1 table, 4900 words. 
Development of phosphate coating 
process. Experimental steels and pro- 
cedure. Influence of phosphate coating 
(several types) on roll force (in tons) 
and roll work (in ft-lb) in rolling thin 
strip on a 12-high Rohn stand (25/64” 
dia. rolls); and heavy-gage strip on a 
stand having a roll diameter of 7.83 in. 
— 0.10% C, and 1.10% C steel strip. 
Effect of pressure per unit area on per- 
formance of phosphate coatings; data 
on phosphate-coated steel strip com- 
pared with uncoated strip. Mechanical 
properties of strip as affected by phos- 
phating. (Order No. 3583, price $9.80) 


New Method of Determination of Co- 
efficient of Sliding Friction & Its Ap- 
plication to the Study of Absorptional 
Lubrication, by G. I. Epifanov, F. P. 
Soloshko & P. A. Rebinder; ‘“Doklady 
Akademii Nauk SSSR,” Vol. 99, No. 5, 
1954, pp. 801-804; 3 figs., 1700 words. 
Critical comment on current methods 
of measuring sliding friction. Princi- 
ple of new method which prevents elas- 
tic vibrations in the measuring system; 
details on the proposed apparatus (Fig. 
1). Nature of variation in frictional 
force with time and rate of mutual dis- 
placement of surfaces in contact, with 
the new set-up (Fig. 2). Results of 
preliminary experiments; procedure; 
data on effect of increase in quantity of 
surface-active substances (methyl al- 
cohol; octyl alcohol; cetyl alcohol; 
stearic acid present in soln. in benzene; 
also aq. soln. of sodium oleate) on fric- 
tional force when mutual sliding occurs. 
(Order No. 3603, price $3.80) 


Study of Corrosion & Wear Resistance 
of Calorized Steel, by S. G. Bogdanov; 
“Metallovedenie I Obrabotka Metal- 
lov,” No. 3, 1955, pp. 25-31; 9 figs., 2 
tables, 2500 words. Corrosion resist- 
ance of steel specimens calorized at 
various temperatures and for various 
lengths of time, when exposed to 50% 
HNOs, HC1, H:SOs,, picric acid, water 
vapor above 3% salt solution and, at 
high temperatures, to reducing and to 
oxidizing atmospheres. Calorizing com- 
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emulsion oil, and work is underway to prove or disprove this 
If microorganisms are capable of incorporating atmos- 
pheric nitrogen in the presence of hydrocarbons, some interesting 
possibilities become apparent— for example, the use of bacteria 
with waste fractions of petroleum to produce valuable nitrogen 
containing chemicals particularly, agricultural chemicals. 


pound used. Results of frictional-wear 
test; testing procedure. Comparison 
with Cr-coated and with as-normalized 
uncalorized steels. Effect of quenching 
and tempering subsequent to calorizing 
upon resistance to wear and corrosion. 
Behavior of calorized steel after upset- 
ting and continued heating for various 
times. Conclusions: promise of calor- 
izing for improved frictional wear re- 
sistance at high temperatures, and for 
other applications. Best calorizing 
temperature and time. (Order No. 3684, 
price $4.85) 


Soundless External Dry Friction of 
Metals at Low Sliding Speeds, by N. F. 
Kunin & G. D. Lomakin; “Zhurnal 
Tekhnich Fiziki,’ Vol. 24, No. 8, 1954, 
pp. 1361-66; 5 figs., 1 table, 2300 words. 
Study of effect of velocity and tempera- 
ture upon soundless friction. Classifi- 
cation of types of friction. Develop- 
ment of equations, on the basis of hypo- 
theses about plastic flow of a metal at 
isolated microcontacts, for the varia- 
tion of the coefficient of soundless fric- 
tion with sliding speed and with time of 
contact, both of which satisfactorily 
fit existing experimental data. Authors’ 
equation developed for the relation be- 
tween the coefficient of soundless fric- 
tion for high and low speeds, and the 
“dynamic coefficient of compression,” 
likewise agrees with measured values of 
the coefficient of soundless friction at 
various temperatures between —180 C. 
(—290 F.) and +210 C. (+410 F.), 
for tin, copper, and aluminum sliding 
on iron or steel. (Order No. 3698, 
price $4.90) 


Effect of Residual Stresses in Surface 
of Metals upon Wear Resistance, by 
P. E. D’yachenko & T. V. Smushkova; 


“Vestnik Mashinostroeniya,” Vol. 35, 
No. 3, 1955, pp. 38-40; 3 figs., 1600 
words. Lack of consistent literature 
data on effect of residual stresses in 
metal surfaces on wear resistance. 
Authors’ study of influence of such 
stresses (tensile and compressive) in 
surface zone, 40-200 microinches thick, 
of steel rings upon the latter’s wear 
resistance, and of variation of residual 
stresses and strain hardening of surface 
zone while subject to wear. Experi- 
mental procedure in setting up surface 
stresses (by high-speed machining), 
measuring their magnitude, and testing 
the specimens for wear. Wear curves 
(Fig. 1); distribution of residual stresses 
(Fig. 2). Interaction between pre- 
existing and wear-produced stresses. 
Change in stress distribution induced 
by wear (Fig. 3). (Order No. 3713, 
price $3.60) 


Influence of Surface-Active Agents on 
the Dimensions of Chip Elements (in 
Cutting), by G. I. Epifanov; “Doklady 
Akademii Nauk SSSR,” Vol. 104, No. 
1, 1955, pp. 68-71; 2 figs., 1 table, 1200 
words. Study of effect of various 
“active” cutting fluids on size of indi- 
vidual slip elements of metal chips (ob- 
tained by planing) and on cutting force 
and its variation during cutting opera- 
tion (Fig. 1: cutting-force vs. cutting- 
distance diagrams for duralumin). Cut- 
ing fluids: methyl alcohol; oleic acid; 
ethyl laurate; carbon tetrachloride; 
metals cut: dural; technically pure iron; 
copped. Size of slip elements of sec- 
tional chips obtained in dry cutting as 
against cutting in the fluids mentioned 
(Fig. 2: photographs of the chips from 
technically pure iron with juxtaposed 
cutting force vs. cutting-distance dia- 
grams). (Order No. 3719, price $2.90) 


members getting a new member. 


quarters. 


NEW ASLE JEWELRY 


Lapel pins and tie clasps featuring the new in- 
signia, gold detail on a blue background with 
white lettering, are now available through the 
local Sections or National Office. The lapel pin 
is also being offered as a free premium to all 
Details are 
available through the Sections or National Head- 
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Capillary Viscometry 


Lubricating Grease 


Detailed knowledge of the viscosity or flow resistance of 
grease is mecessary in attacking practical and theoretical 
problems. Measurement of flow rates and pressures through 
capillaries is not difficult but, because of the complex nature 
of the flow, interpretation of results is. 

Interpretation may be made mathematically in five ways: 
The commonest is that of the ASTM method, which prescribes 
the apparatus but ignores several recognized inaccuracies; the 
observations are treated as though grease were a fluid and 
lead to an “apparent viscosity.” Another way, which may be 
applied to observations from many capillary viscometers, leads 
to viscosity at the capillary wall only; the results do not differ 
greatly from “apparent viscosity.” A third way calculates 
yield value and mobility on the premise that grease flows like 
a Bingham plastic; tables of dimensionless constants simplify 
the calculations. A fourth way uses a simple power equation. 
A fifth way takes a theoretical approach and determines an 
equation from flow data through Eyring’s relaxation theory 
for viscous flow. 

The choice depends upon the problem. For specifications 
and empirical relations in lubrication problems, “apparent 
viscosity” and viscosity at the capillary wall may be used. 
Yield value and mobility could be used for calculating pres- 
sure drops in pipes as well as for specifications. The power 
equation may be useful in predicting pressure losses in pipe 
lines from capillary data. Eyring’s equation may permit 
calculating flow in pipes and correlating flow behavior with 
such factors as size, shape, weight, distribution, and surface 
properties of thickener particles. 


NOMENCLATURE 


Constant characteristic of grease, Powell-Eyring 
Dimensionless group, McMillen 
Constant characteristic of grease, Powell-Eyring 
Radius of unsheared central plug, cm 
4/R, dimensionless 
Diameter, cm 
Shear stress PR/2L, dynes/cm? 
Yield value, dynes/cm? 
Equals K8"* 
Gravitational constant 
Constant of Metzner 
Viscometer constant 
Length of capillary or pipe, cm 
Mobility, 
Reynolds number 
Constant in power equation 
Pressure, dynes/cm* 
Pressure to initiate flow, dynes/cm? 
Volumetric flow rate, ml/sec 
Radius of capillary or pipe, cm 
Shear rate, Hagen-Poiseuille 4Q/7R®* 
Shear rate at the wall, sec” 
Linear velocity cm/sec 
Shear rate, sec? 
Dimensionless group 
Dimensionless group 
Dimensionless group 
Viscosity, poises 
Apparent viscosity, poises 
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Np Plastic viscosity, poises 

Nw Viscosity at the wall, poises 

mm Constant characteristic of grease, Powell-Eyring 
p Density, gm/ml 

o Absolute shear stress, dynes/cm? 

} A function of 

¢ Fanning friction factor 


INTRODUCTION 


One of the defining characteristics of lubricating grease 
is the ability to flow. Under most conditions, the nature of 
this flow is complex. Detailed knowledge of the flow re- 
sistance, or viscosity, is needed in attacking practical and 
theoretical problems. Both accurate measurements and 
correct mathematical interpretations are necessary to index 
viscosity. 

The most common instrument for measuring viscosity 
is the capillary viscometer. Many different viscometers 
have been used successfully. Measurement of flow rates 
and pressures through capillaries is not difficult. 

Interpretation of results, however, is not easy. Five 
ways of mathematically interpreting observed flow rates 
and pressures have been devised. Which should be used 
to define the flow of grease for both practical and theoretical 
purposes? Does any provide results that can be used gen- 
erally? The questions come easy; the answers come hard. 
To answer them, a review is needed of what we know 
about measuring flow rates and pressures in capillary vis- 
cometers and about intepreting these measurements. 


VISCOMETERS 


At a given temperature, three variables affect the flow 
of grease through capillaries: rate of flow, pressure neces- 
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sary to maintain flow, and dimensions of the capillaries. 
These variables are measured in different ways in different 
viscometers. 

Viscometers of Arveson* and the ASTM" allow pres- 
sure measurements at constant flow rates through capillaries 
of several radii. The grease is forced through the capillary 
by a floating piston actuated by a hydraulic system. 

Viscometers of Singleterry,?! Blott, * and Marusov’* 
provide for reciprocating movement of the grease through 
the capillary. These instruments have the advantage of 
measuring changes in viscosity occurring because of changes 
in the grease during prolonged shearing. In the first two, 
flow is timed while a constant pressure is applied; in the 
last, the flow rate is fixed and the pressure is measured. 

These and other viscometers * *:® 17 lead to values of 
pressures and flow rates in capillaries of known dimensions. 
Corrections peculiar to each viscometer must be made to 
provide sound data for interpretations. 


TYPES OF FLOW 


Flow equations are usually based on some ideal system. 
Three systems may be applicable: one based on a New- 
tonian liquid, one based on a Bingham plastic, and one 
on a pseudoplastic. 

If capillary flow is completely laminar, the ratio of 
the shearing stress, F, to the rate of shear, dv/dr, equals a 
constant, called viscosity, 7. According to Newton’s equa- 
tion 

F 

1 = 
where v is the linear velocity and r is the radius of the 
capillary. For Newtonian flow in a capillary, Poiseuille’s 
integration'® applies, 

PR/2L 

=" (2) 
where P is the pressure; R, the radius, and L, the length 
of the capillary; and Q, the flow rate. In any viscometer, 
where R and L are constant, 


7 = (3) 


where the constants are collected to give C = R*/8L. 
Many materials do not flow laminarly. One such 
system is the ideal plastic defined by Bingham’s equation, 
J 
(4) 


in which f is called the yield value. A Bingham plastic 
totally resists flow as force is applied until a critical force 
is exceeded. Under larger forces, the flow is laminar. Ap- 
plying this equation to flow in capillaries requires Bucking- 
ham’s integration® of the Bingham equation, 


aR* 4p 
+ (5) 


The limiting viscosity, yp, and yield value, f = ©(p), are 
presumed constant for any one material. 

The left curve in Figure 1 shows the linear relationship 
obtained for Newtonian liquids. The right curve shows the 
typical relationship for a Bingham plastic. Buckingham’s 
equation allows three situations as the applied force is in- 
creased: below the yield pressure, p, no flow occurs; above 
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Figure 1. Types of flow. 


the yield pressure but below the straight-line portion of the 
curve, plug and laminar flow occur; at large forces, complete 
laminar flow occurs. Arrows indicate the changes that occur 
as R, L, », np and f increase. 

The third system combines the characteristics of the 
first two. A pseudoplastic resembles a Newtonian liquid in 
that it exhibits no yield value and a Bingham plastic in that 
flow is not laminar. In this case, the relation between shear 
stress and shear rate may be defined by Eyring’s equation: 


dv/dr = A sinh Bo (6) 


If the relationship between shear stress and shear rate for 
a pseudoplastic is logarithmic, a simple-power equation may 


/ 
# / 
/ 


Figure 2. Comparison of P-Q and F-S curves. 


317 


| 


approximate the flow. The equation is 

F = KS", or log F = log K + n log S (7) 

Lubricating materials differing widely in flow proper- 
ties are included under the term “grease.” Some flow like 
a Newtonian liquid and some like a pseudoplastic or pos- 
sibly like a Bingham plastic. Furthermore, many greases 
change during flow, ** becoming less viscous (thixotropic) 
or more viscous (rheopectic, dilatant), and further com- 
plicate interpretation of the nature of the flow. 


METHODS 


The literature reveals five mathematical ways to de- 
scribe the flow of grease. If flow is assumed to be related 
to that of a Newtonian liquid, two ways can be used: ap- 
parent viscosity and viscosity at the wall. If flow is as- 
sumed to be more like that of a Bingham plastic, a method 
based on the Buckingham integration can be used. If flow 
is pseudoplastic, the power equation might be used. If 
flow is considered to be a rate process, an equation can be 
derived from flow data through the use of Eyring’s relaxa- 
tion theory for viscous flow.1° These treatments range 
from the empirical to the theoretical. 


APPARENT VISCOSITY 

The most common means for obtaining apparent vis- 
cosity is the ASTM method.’ Shearing stress, F, is calcu- 
lated by the equation: 

F = PR/2L (8) 
Because the method fixes the ratio, R/L, for all capillaries 
used, this equation reduces to F = P. Constant. Shear 
rate, S, is calculated by the equation for a Newtonian liquid: 


4 


A plot of F and S derived from P and @ is shown in 
Figure 2. For Newtonian liquids, the family of straight 
lines on the P-Q plot becomes one straight line on the F-S 
plot. For most greases, the P-Q curves in different capillar- 
ies are not straight lines. They appear to become a single 
curve on an F-S plot. The range of flow rates in the ASTM 
method is too narrow to reveal deviations from the average 
line. However, when even a wider range is used, as shown 
in Figure 3, the data still appear to be on a single curve. 
These data were obtained in capillaries of constant ratio, 
L/D. 

The method calculates viscosity from F and S. Because 
F/S is not constant, the calculated number is called apparent 
viscosity and is represented by a locus of points on a curve 
of apparent viscosity, ya, versus shear rate, S. Figure 4 
shows a plot of these values for a Newtonian liquid and a 
typical grease. 

Although several errors occur in measured pressures, 
the ASTM method makes no provision for correcting them. 
Generally recognized sources of errors are temperature 
effects, kinetic-energy effects, friction in the cylinder, con- 
vergence at the capillary opening, and orientation effects. 
Temperature corrections can only be made by analogy with 
Newtonian-liquid systems. Kinetic-energy corrections are 
usually insignificant in this viscometer. Friction, conver- 
gence, and orientation can be corrected for some greases. 
The magnitude of all these errors varies with each grease. 

Figure 5 relates y_ to S for a grease and shows the 
results of correcting the data. The upper curve shows data 


obtained as prescribed by the ASTM method. The middle 
curve shows the same data corrected for convergence and 
friction by subtracting from the observed pressure that pres- 
sure required to force grease through 0.005-inch plates hav- 
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Figure 3. F-S at wide range of flow rates. 


Ne 


Figure 4. Calculation of apparent viscosity. 


September-October, 1956, LUBRICATION ENGINEERING 


| 
| 
| 
y’ 
s 7 
- 
- 
: 
- 
7 
: 
/ 
/ 
uf 
: 


ing holes the same diameter as 
each capillary. The lower curve 
shows data corrected also for 
orientation by subtracting from 
the observed pressure that pres- 
sure obtained from a_ shorter 
capillary (L/D = 12/1). For 
a grease like that shown in Fig- — 
ure 5, Singleterry*! claims that 

orientation occurs in 1 to 2 di- 


Q 


"Ww 


ameters. These corrections do 

not alter the shape of the 1 i 

curve but do reduce the values 

of 4. Corrected data should be 

used in comparing ways of interpreting grease flow. 
Although the ASTM method may lead to a single, 

reproducible curve for a grease, F/S is by no means a proper 

representation of this curve. The entire spectrum of F/S 

values is needed to define grease flow. 


VISCOSITY AT THE WALL 


Another mathematical treatment, first applied to 
greases by Blott* and later by Marusov,1* defines shear stress 
and shear rate at the wall. The mathematics was developed 
originally by Rabinowitsch,?° and further by Mooney.!® 
The equation for viscosity at the wall, mo, is: 

tno = F/Sw (10) 
where, by analogy with Poiseuille’s equation, shear rate 
at the wall, S,, is 30/7R® + F d(Q/zaR*) /dF. 

The method of calculation outlines the three steps 
shown graphically in Figure 6. 

1. Plot flow rate, Q, versus shear stress, F( = PR/2L), 
and determine the slope, dQ/dF. 

2. Plot shear rate at the wall, S,, versus F. 

3. Determine viscosity at the wall, 7, and plot versus 
Sw. 

To compare qj» with 7, published data from three 
sources were used, as shown in Figure 7. Curve A is from 
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Figure 5. Apparent-viscosity corrections. 
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Figure 6. Calculation of viscosity at the wall. 


Arveson;” the points are recalculated from his data to get 
values for nw». Curve B is the mq curve calculated from the 
data of Blott.* Curve C is the 7 curve calculated from the 
data of Marusov.!2 The coincidence of these points and 
curves show the close resemblance between y» and a. 


BUCKINGHAM EQUATION 


Buckingham’s equation may be written 


aR* 4 4 


where m is the mobility ( = 1/n,). Caldwell and Babbitt* 
reduced the quantity in parentheses to a dimensionless term 
that is a function only of the relative extent of plug flow: 


aR*m P ( 4p pt 

\'— 3p 3p 
McMillen1 solved the equation in terms of two dimension- 
less quantities: 


+ 3 
where 4 is the radius of the unsheared plug. He reduced 
these equations to graphs of dimensionless constants that 
make solution possible. The McMillen equations for the 
calculation are: 


(12) 
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Figure 7. Comparison of apparent-viscosity and viscosity at 


the wall. 
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Figure 8. Calculation of Buckingham constants. 


f = PRe/2L 
m = 
aR*ca 
= l/m = (P/Q) (14) 


Singleterry and Stone*! made further use of graphs and 
applied the McMillen equations to greases. 

Calculation of f and m by means of the Buckingham 
equation involves 6 steps outlined in Figure 8. 

1. Plot flow rate, Q, in one capillary, versus pressure, P. 

2. Select a ratio P2/P1(= ¢,/c2), using the largest ex- 
perimental range possible. 

3. Read corresponding values for Q; and Q» from 
the P-Q plot. 

4. Determine c. from a plot of 4/4. ( = Q;/Q2) 
versus Co. 

5. Determine a and a2 from c; and cz by a plot of 
a versus ¢. 

6. Calculate f and m from the McMillen equations. 
The curve for the Buckingham equation can then be deter- 
mined. 

Applications of the McMillen equations to grease have 
been made. Singleterry, *! using only one capillary, found 
good agreement between P-Q data and the Buckingham 
equation. P-Q data on three greases were obtained from 
an ASTM viscometer by the authors. Pressures were cor- 
rected. Calculations of f and m were made for each grease 
from data from four capillaries. The results are shown in 
Table I. Grease A is similar to that used by Singleterry. 
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Figure 9. Comparison of ‘iow data with Buckingham equa- 
tion. 


Buckingham equation calculated from the data of capillary 
“a” which should correspond to line “b.” Although these 
greases appear to have flow curves resembling the P-Q 
curves for Bingham plastics, they may actually demand 


mathematics that are more complex. 


EYRING EQUATION 


As early as 1944, Powell and Eyring!” showed that 
flow of grease can be expressed by the equation: 


dv er 1 dv 


In rotational viscometers the shear stress (oa) and rates 
(dv/dr) are known, and the unknown constants p, B, and 
A may be calculated from three points on the stress-shear 
rate curve. 

Christiansen, Ryan, and Stevens*® have applied the 
equation to pipe data on some pseudoplastics other than 
grease, but the calculations are less direct. The three char- 
acteristic constants », B, and A are combined in the dimen- 
sionless equations: 


The values for f were nearly constant for greases A and B a = ®(B) (y) (16) 
but not for C. In all greases, the values of », were not where, 
constant. An attempt was made to apply the Buckingham a = Q/AR? 
equation constants obtained from one capillary to the calcu- 
lation of the Buckingham line for a capillary of different 8B = BPR/2L 
radius. In Figure 9 the dotted line, “c,” represents the y = AB» 
Table I 
Yield Value & Limiting Viscosity at 77° F. 
Grease A B & 
Oil Vis., SSU 100°F. 70 300 800 
ASTM Capillary f Np Np Np 
dyne/cm? poises dyne/cm? poises dyne/cm* poises 
1 5400 22 8600 _— 3800 62 
2 ae a 8100 21 5400 27 
3 9100 15 5400 
5 6900 3 8900 13 10,000 7 
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The graphical solution of a = ®(B) (y) is shown in Fig- 
ure 10. 

Experimental values for P and Q are handled in the 
following manner: 

1. Plot Aa = Q/R®* versus 8/B = PR/2L. 

2. Superimpose on Figure 10; read a and 8 on the 
lower plot, Aa and 8/B on the upper. 


3. Calculate the constants A, B, p. 

By such calculations, Christiansen et al predicted flow in 
pipes of one size from data from pipes of smaller size on 
materials similar to grease. 

The work of Christiansen shows the possibility of pre- 
dicting the flow of grease in pipes from capillary flow data. 
Independent of this possibility, the Powell-Eyring equation 
might be used for characterizing the shear stress-shear rate 
curves obtained from capillary viscometry. Three values 
(solid circles in Figure 11) of 4Q/R* and PR/2L were 
used to calculate the constants A, B and » from the Powell- 
Eyring equation. Just how well this equation fits all of the 
data for a typical grease is shown in Figure 11. It remains 
to be demonstrated whether or not capillary data may be 
used to predict flow in pipes. 


POWER EQUATION 


Flow of pseudoplastics may also be approximated*: 15. 2? 
by some form of the power equation: 


F = KS* (17) 


It has not been determined if grease can be handled 
in this manner, but Figure 11 shows that the power equa- 
tion does not fit a typical grease any too well, because log 

= n log S + log K approximates this curve by a straight 
line. 


DISCUSSION 


Regardless of the mathematics applied, flow-pressure 
data are needed to solve four kinds of problems: specifying 
greases for a particular problem in lubrication; empirically 
correlating flow in capillaries and in practice; calculating 
pressures and flow rates under specified conditions; and 
understanding grease structure. To determine if a method 
is suitable for any or all of these needs, three tests must 
be applied: Does the mathematics fit the flow-pressure 
relationship? Are the capillary data sufficiently general to 
allow mathematical translation to some other system? Does 
the mathematics provide parameters that allow basic as 
well as practical conclusions? 


Apparent viscosity or viscosity at the wall can hardly 
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Figure 10. Graphical solution of the Powell-Eyring equation. 
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be described as fitting the data because they only translate 
the data to a curve. Dividing F by S results in a variable 
that is merely a convenient restatement of the flow-pressure 
relationship in a given system. These methods are suitable 
for specification purposes, provided the viscometer condi- 
tions are rigidly observed. Furthermore, because the result 
is a variable, specifications must be either based on a 
wide range of shear rate or considered as applying to a 
limited range of service. Empirical correlations with prac- 
tice may be made by comparing the apparent viscosity of 
greases at shear rates that approximate the service condi- 
tion. Although 7 is related to thickener concentration at 
low shear rate and to oil viscosity at high shear rate, and 
changes in 7q are related to thixotropy, no more-basic con- 
clusions about structure are possible. 

To the extent that greases obey the Buckingham equa- 
tion, McMillen’s technique provides two constants that 
should be convenient for specifications. The constants f and 
m may be regarded as roughly related to thickener concen- 
tration and oil viscosity, respectively. Correlations with serv- 
ice should be possible. There is no evidence that flow of 
grease in pipes can be predicted from capillary measure- 
ments by this method. Hedstrom used dimensionless terms 
containing f and m to predict the flow of plastic systems. 
He contends that rotational-viscometer data are required 
even for systems that obey the Buckingham equation. 

In applying the power equation, K and » might be 
used for specifications, and the plot of friction factor versus 
modified Reynolds number might be used to calculate pipe 
flow if Figure 11 were a straight line. On the basis of the 
typical grease used, the power equation appears to be only 
a fair approximation. Relating larger capillaries to pipe 
flow looks possible but has not been tried. Metzner and 
Reed!* used capillary data to evaluate K and m for systems 
similar to grease. They calculated flow in pipes by means 
of a special Fanning friction factor and Reynolds number. 

The Powell-Eyring equation appears to be the most 
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Figure 11. Application of Powell-Eyring and powcr equations 
to F vs. S data. 
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versatile method of handling grease flow. The three con- 


stants A, B, and » might be used for specifications. Calcu- 
lations of flow in 1% inch pipe have been made success- 
fully from measurements in 7 inch tubes for materials 
similar to grease. It remains to be shown if capillaries can 
also be used. The equation does handle F-S capillary data 
for greases. Powell-Eyring constants have a good chance 
of relating to structure parameters. 
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Current Literature 


Ratchet-Drive Lubricator. A 2- 
page technical reference sheet is 
available that describes an auto- 
matic ratchet-driven lubricator, 
designated Type NV, designed 
for servicing small machines and 
mechanisms where installation 
space is limited and where an os- 
cillating drive is more readily 
available than rotary motion. The 
reference describes in detail the 
key features of the lubricator, 
such as: pump cycle, different 
gear reductions available, reser- 
voir, ratchet-drive mechanism, 
and instant feed button. Accom- 
panying a diagram illustrating 
the lubricator’s operation, is a ta- 
ble listing ratchet arm working 
angles, and reduction ratios for 
three different models available— 
the NVF, NVH, and NVL. 
(Sheet No. 55B, Bijur Lubricat- 
ing Corp. ,LE-12/5, 151 W. Pas- 
saic, Rochelle Park, N. J.) 


Metalworking Catalog. Most ef- 
fective cutting speeds for carbide 
tools, machine tool horsepower 
requirements, how to determine 
shank size of single-point tools, 
carbide tool geometries, carbide 
grade selection, and other tech- 
nical topics, are covered in a new 
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(1949). 


66-page metalworking catalog re- 
cently issued. Besides informa- 
tion on the Carboloy machina- 
bility computer, the new 2-color 
publication also includes price 
and specification information on 
standard brazed carbide tools, 
tool holders, standard carbide 
throwaway inserts, blanks for 
twist drills, dies, bushings, guide 
rings, balls, valve seats, and many 
other applications. (Catalog No. 
GT-310, Carboloy Dept., General 
Electric Co., LE-12/5, Detroit 
32, Mich.) 


Moisture-Analysis Equipment. 
Of interest to chemists, chemical 
engineers, physicists, and others 
engaged in research, analysis, and 
control, is a new catalog provid- 
ing a complete list of the latest 
equipment for determining mois- 
ture in a great variety of mate- 
rials. The catalog illustrates and 
describes every item needed for 
accurately analyzing the amount 
of moisture in any solid, granular, 
liquid, or semi-liquid material; 
listed are Dietert moisture tell- 
ers, speed ovens, speed desicca- 
tors, and accessory items such as 
balances, weights, sample pans, 
and drying dishes. (Harry W. 


Dietert Co., LE-12/5, 9330 Rose- 
lawn Ave., Detroit 4, Mich.) 


“The 1956 Guide to Approved Lu- 
brication for Passenger Cars & 
Light Trucks,” among its 160 
pages of lubrication charts, serv- 
ice instructions, and tabular data, 
introduces two tabular pages of 
lubricant recommendations for 
the most popular European pas- 
senger cars in use today. In the 
expected full coverage, all 1956 
model requirements are pre- 
sented; with service data for old- 
er models revised to reflect any 
changes manufacturers have 
made in their lubricant and serv- 
ice specifications. The most popu- 
lar light trucks are incorporated 
as well, with further special serv- 
ice instructions and marketing 
pages related to lubrication and 
accessories. (For prices, write: 
The Chek-Chart Corp., LE-12/5, 
33 E. Congress Pkwy., Chicago 
5, Ill.) 


Vacuum Distillation Unit. A 
new leaflet is offered that covers 
a specialized apparatus produced 
to meet the requirements of re- 
duced pressure distillations of pe- 

(Continued on p. 337) 
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The Place for Emulsions as 
Fire-Resistant Power Transmission Fluids 


A water-in-oil emulsion has been developed to fulfill the 
need for a low-cost, fire-resistant industrial hydraulic fluid. 
Its resistance to ignition has been satisfactory in industrial 
operations, and laboratory and field studies have shown it to 
be suitable as a hydraulic fluid in other respects. This paper 
discusses the characteristics and performance of this fluid. 


The increasing use of hydraulically-powered industrial 
equipment in operations where a potential source of igni- 
tion exists, as in die casting machines, automatic electric 
welders and furnace door actuators, has accentuated the 
need for fire-resistant hydraulic fluids. These fluids de- 
crease the hazards to both personnel and plant sufficiently 
that a reduction in insurance premiums is warranted. A 
number of fire-resistant fluids have been in commercial use, 
each having certain unique characteristics. These include 
degree of flammability, performance with respect to both 
temperature and pressure, effect on paints, seals, packings 
and hoses, maintenance of fluid quality, compatibility with 
other types of fluids, and cost. 

Perhaps the most direct way to obtain a fire-resistant 
hydraulic fluid is to synthesize a non-flammable compound 
having suitable lubricating characteristics and physical 
properties. Fluids based on organic phosphates are the 
most widely known of this type, and considerable industrial 
experience has been gained on their performance. The 
phosphate esters now used are flame resistant to a high 
degree and match mineral oil in lubricating quality. They 
have a very low viscosity index, and attack some of the 
sealing and paint materials which have been commonly 
used with mineral oil. Cost is high. 

The other common approach to the development of a 
fire-resistant fluid is to utilize the fire-quenching properties 
of water, and this may be done in any of three ways. First, 
the water, which in itself is not a good enough lubricant 
for hydraulic pumps, may be thickened to the necessary 
degree with high concentrations of materials such as the 
polyalkylene glycols. Several such products have received 
commercial acceptance. The fire-quenching effect of these 
materials is very good as they can contain about 50 percent 
water. Modifications to seals and protective paints may be 
required for their use in some cases, and the lubricating 
property may not be as uniformly good as that of mineral 
oil. Cost has been below that of the esters. By another 
approach, some degree of lubricity may be imparted to 
water by dispersing oil throughout the water; that is, by 
making the normal oil-in-water type of emulsion. These 
have been widely used where lubrication is not critical, 
but they are inadequate for lubricating the highly loaded 
contacts found in many pumps as fluid pressures approach 
1000 psi. Of the methods of utilizing the quenching prop- 
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erties of water, probably the most attractive is the use of 
an emulsion in which the oil is the continuous phase. Such 
a fluid is the subject of this paper. It has been found that 
this water-in-oil type of emulsion does not suffer from the 
lubricating deficiency of normal emulsions, yet it retains 
the fire resistance which is derived from the water content. 
Such materials have a definite place in the lubrication of 
industrial hydraulic systems in hazardous locations. 


FORMULATION 


In the preparation of a water-in-oil emulsion type fluid, 
fire resistance is of course enhanced by increasing the water 
content. This improves emulsion stability, but it also 
markedly increases viscosity. The relationship between 
water content and viscosity is illustrated by the curve for 
water-in-oil emulsion in Figure 1. A satisfactory balance 
of fire resistance, viscosity, and emulsion stability was ob- 
tained by emulsifying an oil of suitable viscosity to give a 
final emulsion containing 40 wt. % of water. A choice of 
emulsifiers was made only after the study of several thou- 
sand combinations; it was based on avoiding water separa- 
tion and on obtaining the minimum amount of oil separa- 
tion during storage. On the basis of early experience, 
which indicated that oxidation of these emulsions was a 
critical problem, a high degree of oxidation-resistance was 
provided in the final product. 


CHARACTERISTICS 
FIRE RESISTANCE 


The function of the emulsion in reducing the hazard 
of fire is that of producing a steam blanket at those tem- 
peratures which would usually result in the ignition of a 
conventional fluid. As with other water base fluids, the 
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VISCOSITY AT 100°F, SAYBOLT SEC. 
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Figure 1. Effect of water content on viscosity of oil-in-water 
and water-in-oil emulsions prepared from 100 SSU at 100° F. 
MVI mineral oil. 


complete loss of water from the emulsion leaves an ignit- 
able residue. In practical situations where there is a poten- 
tial fire hazard, however, the formation of steam and the 
concurrent loss of oil by vaporization greatly reduces the 
hazard or eliminates it entirely. 

Since the fire resistant requirements of hydraulic fluids 
vary with the type of service, there have been a multitude 
of tests developed for its evaluation. These include spon- 
taneous ignition tests; a “Hot Manifold” test,’ in which 
the fluid is poured on a steel tube heated to 1300°F.; a 
“High-Temperature Spray” test,! wherein an attempt is 
made to ignite a jet of the fluid with an oxy-acetylene 
flame; and a “Pipe Cleaner” test, in which a smoking-pipe 
cleaner saturated with the fluid is passed between grids 
heated to 1400°F. The water-in-oil emulsion has been 
examined in a number of these tests, and the results in all 
cases have been indicative of satisfactory fire resistance. 
One comparison of the flammabilities of the emulsion and 
mineral oil is shown in Figures 2 and 3. In this test, 
the fluids were sprayed with an air aspirator across the 
flame from a laboratory gas burner. 

The fire resistance of this type of emulsion has been 
dramatically demonstrated by field experience. During one 
of the earliest field trials with the emulsion, a swivel joint 
failed in a new 400 ton die casting machine shortly after 
the machine was placed in operation on the emulsion. Ap- 
proximately ten gallons of fluid drained directly into a pot 
of molten zinc alloy. The water released by vaporization 
formed a protective steam blanket. After several minutes a 
small luminous flame appeared in the melting pot, but 
there was no damage or lost time. The leak was repaired 
temporarily, and the unit operated ten hours with some 
continued leakage onto the molten metal. There was no 
flame during this period. 

In another shop, a one-half inch nipple on the ac- 
cumulator of a die casting machine broke, and approxi- 
mately ten gallons of the fluid at 1000 psi sprayed against 
the ceiling and then dripped back on two machines, several 
operators, and two aluminum melting pots. There was no 
flash or fire, and only a brief shutdown was necessary. 

In a third die casting plant, a cracked high-pressure 
fitting on a hydraulic power unit resulted in a fine mist 
of fluid spraying into the air in the general vicinity of a 
melting furnace. Although the mist drifted into the flame, 
there was no flashback or burning outside the furnace. 
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These and other similar incidents have engendered strong 
confidence in the safety of the emulsion. 


STABILITY 


As mentioned in the section on formulation, the 
emulsion has been compounded so that water separation 
during normal storage is avoided. Samples have been 
stored as long as one year without showing water separa- 
tion. Some separation of oil does occur, the degree de- 
pending upon the temperature and duration of storage. 
For example, after 35 days storage at normal temperatures, 
the emulsion developed a clear oil layer amounting to about 
5 vol. % of the emulsion and a layer of “oily cream” 
of about 30 vol. %. Experience has shown that such an 
emulsion can easily be re-mixed with moderate agitation. 
These emulsions do not separate on freezing, although lab- 
oratory studies show that repeated wide temperature varia- 
tions of 50 to 100° F. can have an adverse effect on stability. 
With a different choice of emulsifiers, similar emulsions 
can be prepared which show greatly improved stability 
against oil separation, but it appears that they do not as 
readily re-emulsify water which evaporates from the emul- 
sion and condenses in the reservoir of an operating system. 


VISCOSITY 
Figure 4 shows that the emulsion-type fluid, as cur- 


Figure 2. Flammability test (low-pressure spray) on emulsion- 
type hydraulic fluid. 


Figure 3. Flammability test (low-pressure spray) on mineral 
oil. 
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Figure 4. Effect of temperature on viscosity of mineral oil 
and the water-in-oil emulsion at very low shear rates and 
at 10,000 sec™. 


rently formulated, has a viscosity of approximately 450 
SSU at 100° F. This is considerably higher than the range 
of 150-300 SSU at 100° F. generally recommended by pump 
manufacturers. However, since the emulsions are non- 
Newtonian fluids, the effect of shear on viscosity must be 
considered in arriving at the operating viscosity in a hy- 
draulic pump and its associated mechanisms. Viscosity 
determinations of the emulsion under shear rates up to 
200,000 sec~! have shown that the viscosity decreases 
rapidly as the shear rate is increased to about 1000 sec—', 
above which it remains nearly constant at a value of ap- 
proximately 250 SSU at 100° F. Confirmation that this 
reduction of viscosity is real has been afforded by laboratory 
tests on the emulsion and on mineral oil in the same pump 
at identical conditions of speed, pressure, and temperature. 
No significant differences were observed in power input, 
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Figure 5. Effect of emulsion-type hydraulic fluid and mineral 
oil on synthetic rubbers (one week immersion at 160° F.). 
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heat output, or flow rate. The viscosity index of the 
emulsion is about 130 and apparently is independent of 
shear rate. The higher viscosity of the emulsion at a low 
shear rate requires that special attention be given to pump 
suction conditions. To avoid pump starvation and cavita- 
tion, suction lines must be as short and as direct as possible, 
and the suction screen capacity should be at least three to 
four times the rated pump capacity. It has been feasible 
in some instances to remove the screens entirely. 


EFFECT ON SEALS AND PAINTS 


Almost without exception, industrial hydraulic 
equipment is manufactured for use with mineral-base 
hydraulic oils, and the paints, seals, gaskets, packings, and 
hoses are selected accordingly. As it was known that such 
material can be adversely affected by other types of fluids, 
the emulsion was carefully examined in this regard. The 
relative tendencies of the emulsion and mineral oil to 
swell a wide variety of synthetic rubbers are shown in 
Figure 5. These results are in accord with service experi- 
ence, which shows that there is no adverse effect of emul- 
sion in a system fitted with seals, etc., designed for mineral 
oil service. With regard to paint removal, there has been 
no difficulty in service, although laboratory immersion tests 
at 160° F. indicate that certain paints may be softened at 
elevated temperatures. This is probably of little practical 
importance, in view of the trend toward unpainted sump 
interiors in industrial systems. 


RUSTING AND CORROSION 


While one might expect light rust to form on the un- 
painted interior surfaces of the sump above the fluid level, 
rusting has not been a problem either in laboratory or field 
tests. Steel and copper panels in contact with one another 
and immersed in the emulsion for one week at 160° F. have 
shown no loss in weight. Steel, copper, magnesium, and 
aluminum panels in a similar test where the metals were 
not in contact also showed neglible weight losses, although 
staining of the copper and magnesium was noted. 


FOAMING AND AIR ENTRAINMENT 


No difficulty has been encountered with foaming or 
air entrainment with the emulsion in the laboratory pump 
tests, nor has any been reported in the field tests. 


PERFORMANCE IN HYDRAULIC SYSTEMS 


(1) Laboratory Tests — The performance of the 
emulsion has been studied in numerous laboratory tests 
utilizing both vane and piston pumps. Most of the work 
was done with a single stage 5 gpm vane pump mounted 
on a 30 gallon reservoir. The fluid was pumped through 
a pressure control valve and returned to the sump. The 
temperature of the fluid at the pump inlet was controlled at 
150° F., pump speed at 1200 rpm, and pump discharge 
pressure at 1000 psi. Samples of the fluid were taken 
daily and examined for viscosity and water content. Pump 
wear was measured by weighing the individual parts, i.e., 
vanes, ring, rotor, and port plates, at intervals during the 
test. 

Typical performance data comparing the water-in-oil 
emulsion with an oil-in-water emulsion and a conventional 
mineral oil are shown in Table I. Very high wear of pump 
parts and a marked increase in viscosity were obtained with 
the oil-in-water emulsion. Wear with the water-in-oil 
emulsion, however, was comparable to that obtained with 


325 


i 
i 
i 


| | 
| 
| 
| 


Table I 
Performance of Fluids in Vane-Type Hydraulic Pump.* 
Ring & Vane 
Viscosity, SSU/100° F. Wt. Loss, G. 


Fluid Initial Final 1200 RPM 1800 RPM 
Mineral Oil 156 156 0.32 0.29 
Water-in-Oil 

Emulsion 408 384 0.24 0.52 
Oil-in-Water 

Emulsion 155 385 6.62 


*Test Conditions include: temperature, 150° F.; pressure, 1000 psi; 
duration, 200 hr. 


the mineral oil, and the viscosity of the emulsion changed 
only slightly. The effect of water loss on viscosity of the 
two emulsion types is shown in Figure 1. This shows that 
for the water-in-oil emulsions, water content is much less 
critical, and water loss in service causes a decrease in vis- 
cosity instead of an increase. In addition to these tests, a 
brief study was made of the effect of operating a vane 
pump on the emulsion at 1800 rpm, with the other con- 
ditions unchanged. No differences were observed with 
respect to emulsion properties, but pump wear was twice 
as high as with mineral oil. 

The performance of the emulsion has also been com- 
pared with that of mineral oil in an axial piston pump 
in which the reaction of the pistons is taken in sliding 
against a cam plate. Fluid temperature at the pump suc- 
tion was maintained at 150° F., pump speed at 1800 rpm, 
and the discharge pressure at 3000 psi. No adverse change 
was noted in the characteristics of the emulsion after being 
subjected to the 3000 psi pressure. Wear was not exces- 
sive, although it was greater than that obtained in this 


pump with mineral oil. 

(2) Field Tests — The emulsion has given satisfac- 
tory performance for thousands of hours in numerous field 
tests. These have included operation in die casting and 
plastic molding machines, automatic electric welders, and 
decoilers. With one exception, pumps have been vane-type 
operating, as a rule, at a maximum of 1000 psi, although in 
two instances pressures of 1400 and 1800 psi were de- 
veloped. One radial piston pump was operated at 1800 psi 
on the emulsion, with satisfactory results. The knowledge 
obtained from these tests has shown that the pump suction- 
side capacity must be increased for the emulsion; and that 
pressure-side filters should be of moderate porosity, such as 
metal edge or fine mesh type (200 mesh), since filters of 
too low porosity are detrimental to emulsion stability. 
Further, the incompatibility of the emulsion with other 
fire-resistant fluids requires that systems which have been 
operated previously on the latter be adequately flushed. 


SUMMARY 


A relatively low-cost water-in-oil emulsion has been 
developed which markedly reduces the hazards from fire as 
compared to conventional oils, and is suitable for trans- 
mitting hydraulic power in many applications. As with all 
new developments, the need for improvement in certain 
properties has been observed and corrections have been 
made. A wide field of usefulness is foreseen for emulsions 
of the type described. 
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Section News 


Notice to ASLE Section Secretaries: 
To insure early and adequate coverage 
of your Section’s activities in “Lubri- 
cation Engineering,” all Section News 
copy (including preprints or abstracts 
of papers presented, Election of Off- 
icers, photographs properly identified, 
etc.) should be received by the ASLE 
National Office 1%4 months prior to the 
month of publication. 


NEW YORK. Meeting dates for 
the 1956-57 meetings of the 
ASLE New York Section will be: 
Oct. 11, Nov. 15, and Dec. 11, 
1956; Jan. 9, Feb. 14, March 12, 
and May 8, 1957. All meetings 
will be held at Schrafft’s, 556 
Fifth Ave., New York City. (Sub- 
mitted by M. M. Gurgo, Sec’y.) 


PITTSBURGH, May meeting. 
R. J. S. Pigott, Gulf Oil Corp. (re- 
tired), presented a paper entitled 
“Some Thoughts on Bearings ;” 
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followed by Election of Officers 
(see ASLE Directory). Newly- 
elected Committee Chairmen in- 
clude: W. O. Murray (Parker Ap- 
pliance Co.), Entertainment; A. J. 
DeArdo (Aluminum Co. of 
America), Publicity; J. Lynch 
(U. S. Steel Corp.), Membership ; 
and R. J. Sarraf (Rockwell Mfg. 
Co.), Finance. (Submitted by S. 
W. Settle.) 


Coming Events 


OCTOBER, 11 & 12, The Quarter- 
master Association (Industrial Seminar 
on Petroleum & Petroleum Products), 
Mayflower Hotel, Washington, D .C. 


15-19, American Society of Civil 
Engineers (Convention), Pittsburgh, 
Pa. 


SAGINAW VALLEY, October 
meeting. Plant Tour of the Dow 
Corning Corp., Midland, Mich., 
with R. P. Schreiber, Technical 
Representative, as speaker. 

December 6, “What Do Addi- 
tives Accomplish?” by A. O. 
Willey, Lubrizol Corp. 

January 31, 1957, Ladies 
Night. (Submitted by J. A. Nor- 
ton, Sec’y.) 


22-24, National Lubricating Grease 
Institute (Annual Meeting), Edge- 
water Beach Hotel, Chicago, TIl. 


APRIL 15-16-17, 1957, American Soci- 
ety of Lubrication Engineers (12th An- 
nual Meeting & Exhibit), Sheraton- 
Cadillac Hotel, Detroit, Mich. 
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Effect of Oxygen Concentration in Atmosphere 


on Oil Lubrication 


of High-Temperature Ball Bearings 


Studies were made of ball bearings operating at bearing 
temperatures to 850° F. and lubricated with grade 1010 tur- 
bine oil with ambient atmosphere consisting of air-nitrogen 
mixtures of various ratios. The results show that a 20-mm- 
bore ball bearing will run at temperatures to 850° F. with oil 
lubrication if the oil flow exceeds a critical amount, believed 
to be equal to that which is removed by evaporation, thermal 
decomposition, and oxidation. Oxidation of the oil was con- 
trolled by regulating the amounts of oxygen and nitrogen in 
the atmosphere surrounding the test bearing. 


INTRODUCTION 


The trend toward higher bearing temperatures in 
turbojet engines’* emphasizes the need for more research 
on high-temperature bearing lubrication. There are several 
approaches to the problem, including (a) the use of closed 
lubrication systems,> (b) the use of solid lubricants,®-* or 
(c) the use of air-lubricated hydrostatic bearings.1° Solid 
lubricants have been found to be effective high-temperature 
lubricants, but they must be evaluated in full-scale engine- 
bearing tests before their value can be gaged accurately. 
Although the use of air-lubricated hydrostatic bearings 
would be advantageous, a number of problems would be 
associated with their use and these problems have not been 
solved yet. 

Experiments with the solid-lubricant molybdenum 
disulfide (MoS2)° led to the use of a nitrogen atmosphere 
to extend the limiting temperature of this lubricant. In the 
presence of air, MoS2 begins to oxidize above 750° F.1? 
producing an abrasive oxidation product. Its effectiveness 
as a lubricant was found to be closely related to its oxidation 
characteristics. With oxygen available, MoS. was not ef- 
fective as a lubricant at temperatures much above 700° F.,? 
but in a nitrogen atmosphere it was effective at 1000° F. 
These findings led to the use of a nitrogen atmosphere 
with liquid lubricants and, here too, it was found that the 
limiting temperatures for liquid lubricants could be ex- 
tended by excluding oxygen from the atmosphere surround- 
ing the bearing.» Sorem and Cattaneo found that the re- 
moval of oxygen from the environment of the bearing 
extended bearing life at 600° F. when lubricated with 
hydrocarbon vapor.!* 

The logical question arising from the foregoing experi- 
ments was how much oxygen, if any, could be tolerated 
if effective lubrication were to be maintained. This investi- 
gation was conducted to determine the relation between 
available oxygen and the effectiveness of lubrication. 


Presented under the sponsorship of the American Society of Lubri- 
cation Engineers before the Second Annual ASLE-ASME Lubrica- 
tion Conference, Indianapolis, Ind.. October 10-12, 1955. 
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The investigation was conducted at the NACA Lewis 
laboratory, Cleveland, Ohio. 


TEST EQUIPMENT 


The bearing rig, Figure 1, was constructed around a 
floor-type drill press and is described in detail in Reference 
8. The test-bearing housing was supported on an externally 
pressurized thrust bearing and was restrained from moving 
circumferentially by a strain-gage assembly which measured 
friction force. A resistance furnace surrounded the test- 
bearing housing. Load was applied by means of a lever 
and dead-weight system which applied load in the axial 
direction. Outer-race and inner-race temperatures were 
obtained by thermocouples in the housing and on the shaft. 

Test bearings were size 204, 18-4-1 tool-steel ball 
bearings equipped with two-piece stamped and riveted 
silver-plated beryllium-copper cages. 

In all tests the bearings were lubricated with MIL-L- 
6081A, grade 1010 oil introduced in droplet form. The 
lubricant had a viscosity of 40,000 centistokes at —65° F. 
and 2.47 centistokes at 210° F., and was introduced to the 
test-bearing cavity at room temperature. 

The flow rate of lubricant was 0.0002 to 0.001 Ib per 
min (15 to 52 drops/min). Full details of the lubricant 
supply system are given in Reference 8. 

The air and the nitrogen were metered by calibrated 
lengths of capillary tubes. The proportion by volume of 
each gas was varied to give the desired oxygen concentra- 
tion, the total gas flow being kept constant at 0.12 cfm. 
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Figure 1. Schematic diagram of bearing test rig. 


The two gases were mixed in a 4-oz. bottle and then intro- 
duced to the test bearing cavity through the lubricant inlet 
tube (see Figure 1). In order to prevent seepage of other 
gases into the test-bearing cavity, a slight positive pressure 
was maintained in the test-bearing cavity. 

In no test was a bearing run continuously for more 
than 8 hrs. (the length of a work shift). Therefore all 
tests, other than those in which bearings failed in a short 
time, were shut down and restarted at least once. 


PROCEDURE 


All runs were conducted at a constant speed of 2500 
rpm, 110 Ib. thrust load, and constant temperature. Tests 
were run at bearing temperatures of 550, 700, and 850° F., 
but the greater portion of the work was done at 850° F. A 
test was ended when either failure occurred or when 20 hrs. 
running time had been accumulated. A failed bearing is 
a damaged bearing that becomes inoperative. Failure oc- 
curs in stages, and in many of the tests bearings were not 
run to complete failure. One of the signs of early stages of 
failure is high (in excess of 0.5 in-lb) and unstable friction 
torque. The other is noisy operation. Cage breakage 
usually occurred when the test was not stopped soon 
enough. While a torque value of 0.5 in-lb for failure in- 
dication is arbitrary, it is based on experience in this test 
rig. Generally, failure occurred when 0.5 in-lb torque was 
exceeded. 

Two series of tests were run. In one series, the oil-flow 
rate was held constant at 15 drops per min., and the air 
content of the gas mixture supplied to the test bearing 
varied to obtain the desired oil-oxygen ratios. In the second 
series, the atmosphere composition was held constant at 20 
per cent air, while the oil flow was varied to obtain the 
desired oil-oxygen ratios. 

Some of the tests were rerun to check the reproduc- 
ibility of the results. It was found that the time to failure 
could be duplicated within about 10 per cent. 


RESULTS & DISCUSSION 


The absolute values obtained in these tests are, of 
course, completely dependent on the characteristics of the 
test rig and on the operating conditions. 

The bearing temperatures at which these tests were run 
exceed those of present engines and even those predicted for 
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future engines.' The severity of operating conditions in 
these tests are, however, much lower than those of actual 
engine applications. The trends illustrated by the test data 
are the really important results, and these are believed to 
be less dependent on the rig. 


EFFECT OF TEMPERATURE 


The results of 3 series of tests run at 550, 700 and 
850° F. at an oil flow of 15 drops per min. (0.0002 
lbs/min), and various percentages of air in the atmosphere 
are shown in Figure 2. At 550° F., effective lubrication 
(as indicated by a 20-hr. run without failure) was obtained 
over the entire range of 0 to 100 per cent air in the atmos- 
phere. At 700°F., effective lubrication was obtained at 
0 to 50 per cent air in the atmosphere, but not at 100 
per cent air. At 850° F., effective lubrication was obtained 
only in a pure nitrogen atmosphere (0 per cent of air). 
Although all tests at 850° F. over the range 5 to 20 per cent 
air in atmosphere failed, the time to failure decreased with 
increasing per cent of air. At air percentages above 20, 
failures occurred almost immediately. 

These curves indicate that, with increasing tempera- 
ture, less oxygen is required to impair the lubricating ef- 
fectiveness of a specific quantity of oil. As temperature is 
increased, the evaporation, thermal stability, and oxidation 
characteristics of the lubricant become more important. 
Because of the increasing rates of evaporation and thermal 
decomposition with increasing temperature, less oil is 
available at the higher temperature to lubricate the bear- 
ing. Thus, the higher the temperature, the higher the 
oil-oxygen ratios that are required to obtain effective 
lubrication. 

EFFECT OF OIL-OXYGEN RATIO 

The stoichiometric ratio for 1010 oil and air was 
found to be 0.0698 by chemical analysis. Expressed as an 
oil-oxygen ratio this becomes 0.301. At an oil flow of 15 
drops per min., and a total gas flow of 0.12 cfm, the 
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Figure 2. Effect of the percent of air in the ambient atmos- 
phere on time to failure for 20 mm bore ball bearings with 
1010 oil lubrication. Oil flow, 15 drops per minute (0.0002 
Ib/min); speed, 2500 rpm; load, 110 Ibs. thrust; gas flow, 
0.12 cubic feet per minute. 
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stoichiometric ratio occurs at 42 per cent air in atmosphere. 
At lower air percentages, therefore, the mixture is rich and 
at higher air percentages it is lean. 

Figure 3(a) shows a plot of oil-oxygen ratio against 
time to failure for the data of Figure 2 at 850° F. The 
stoichiometric ratio is shown as a dashed vertical line. The 
plot shows that the average oil-oxygen ratio must be con- 
siderably on the rich side before effective lubrication be- 
gins. Since the data of Figure 3(a) were obtained at 
constant oil flow, the question arose as to whether the 
same criterion for effective lubrication holds for a variable 
oil flow. To demonstrate this point, a series of tests was 
made at 850° F., 20 per cent air in atmosphere, and oil 
flows from 15 to 52 drops per min. The results for this 
series of tests are shown in Figure 3(b). It is evident 
that similar relationships between the oil-oxygen ratio and 
effective lubrication hold both for constant and variable oil 
flow. 

As shown in Figure 3(b), bearing failure can be 
delayed by supplying rich mixtures. At a constant oxygen 
concentration in the atmosphere, the time to failure can be 
increased (to 1.3 hr. from a value close to 0) by supplying 
28 drops rather than 15 drops per min. Bearing life was 
over 20 hr. with 34 or more drops per min. of oil (oil- 
oxygen ratio, 1.53). At a bearing temperature of 850° F., 
and oil-oxygen ratios of 0.61 and higher, there is apparently 
enough oil on the bearing so that evaporation and thermal 
decomposition do not remove it completely. The increase 
in time to failure with increased oil flow is due to the fact 
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LB/MIN). 


Figure 3. Effect of oil-oxygen ratio on time to failure for 20 
mm bore ball bearings with 1010 oil lubrication. Speed, 
2500 rpm; load, 110 Ibs. thrust; gas flow, 0.12 cubic feet per 
minute. 
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Figure 4. High-temperature bearings after tests with 1010 oil 
at bearing temperature of 850° F. 


that the available oxygen cannot oxidize all of the lubricant 
which is not evaporated or thermally decomposed. Because 
oil flows were very low, surface cooling of the bearing due 
to vaporization of the oil is believed to be negligible. 


TEST BEARINGS AFTER TEST 


In general, the test bearings were fairly clean after test. 
Carbonaceous deposits were somewhat heavier at 550 and 
700° F. than at 850° F., probably because of heavier oil 
films on the bearings at the lower temperatures (due to 
lower evaporation rates). Excessively heavy deposits could 
cause eventual failure. Two of the bearings lubricated with 
15 drops per min. are shown in Figure 4 to illustrate the 
effect of oxygen in the atmosphere. The bearing of Figure 
4(a) failed after only 5 min. of running in 20 per cent air 
and 80 per cent nitrogen. The bearing of Figure 4(b) 
was run in 100 per cent nitrogen and was undamaged, 
although slightly discolored, after 20 hours. 


DISCUSSION OF RESULTS 


The results indicate that, under the conditions of these 
experiments, lubrication of rolling-contact bearings at 
elevated temperatures is possible with a liquid-petroleum 
lubricant. In order to obtain effective lubrication, an oil 
film must be maintained between the bearing surfaces in 
rolling and sliding contact. It has been found!* that only 
minute quantities of oil are required to lubricate a bearing 
of this size, running at this rpm at normal temperatures. 
At high temperatures, however, some oil is lost by evapora- 
tion, some by oxidation, and some by thermal decomposi- 
tion. Therefore it might be hypothesized that the total 
oil flow required to obtain effective lubrication at high 
temperature is qualitatively composed of four parts in the 
following time sequence: (a) the quantity lost by evapora- 
tion before entering the bearing, (b) the quantity which 
the available oxygen can oxidize, (c) the quantity which 
thermally decomposes, and (d) the quantity required to 
provide a lubricant film in the bearing. 


The graphs in Figures 2 and 3 seem to illustrate these 
points. For a given time to failure, Figure 2 shows that, 
with increasing temperature and constant oil flow, the 
amount of oxygen that can be tolerated decreases. These 
results show that in order to maintain the amount of lubri- 
cant required for lubrication, less oil can be allowed to 
oxidize, since the higher temperatures result in greater 
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evaporation and decomposition rates. The rates of evapora- 
tion and thermal decomposition would depend, among 
other factors, upon time and temperature, while the rate of 
oxidation would be a function of temperature and of the 
available oxygen. 

In Figure 3, the “lag” between the stoichiometric oil- 
oxygen ratio and the ratios at which effective lubrication 
begins may be accounted for by the quantity of oil which 
is lost by evaporation and thermal decomposition. The 
longer lag at the higher oil flows in Figure 3(b) [as com- 
pared to Figure 3(a)] is difficult to explain, since the op- 
posite effect would be expected with evaporation and de- 
composition rates approximately constant. It may be that 
larger quantities of decomposition products collect in the 
bearing at higher oil flows, and that these decomposition 
products are detrimental to effective lubrication. 

Since the oil was introduced in drop form, the oil- 
oxygen ratios are supply values only and may not be repre- 
sentative of the conditions at the bearing. A portion of 
the oil is not available to mix with the gas because it 
evaporates very rapidly and escapes from the bearing cavity. 
The oil-oxygen ratio probably varies during the time inter- 
val between drops. This can be understood better by con- 
sidering what happens to the oil drop in one cycle. First, 
the oil evaporates as it drops through the hot gas. Second, 
most of the unevaporated portion of the oil drop is broken 
up into many small droplets when it strikes the bearing, 
the remaining portion clinging to the bearing as a film of 
liquid. The time required for complete evaporation of a 
small oil droplet is very short, because it is directly pro- 
portional to the square of the initial diameter of the drop- 
let. The fractions of the droplet which are not evapor- 
ated or oxidized either may be blown from the bearing 
cavity or may again strike the bearing and contribute to 
the lubricant film. The oil film left on the surface provides 
lubrication only as long as it remains on the bearing be- 
fore the next oil drop comes. However, this film on the 
bearing is also subject to evaporation, chemical breakdown, 
and oxidation. The life of this film at constant oil flow is 
a function of the temperature and the amount of oxygen 
present. 

Work with larger bearing sizes at higher speeds and 
oil flows is necessary before results obtained here can be 
generalized. Factors such as the amount of lubricant evap- 
oration and the degree of deposits on the bearing that can 
be tolerated will become important. 


SUMMARY 


Tests of 20-mm-bore ball bearings lubricated with 
grade 1010 oil introduced in drop form were conducted at 
bearing temperatures of 550, 700, and 850° F., and at 2500 
rpm. Test results indicate that temperature and the ratio 
of oil flow to the amounc of oxygen available in the atmos- 
phere are important variables. It is hypothesized that ef- 
fective lubrication can be maintained if the oil-flow rate 
exceeds that lost by oxidation, evaporation, and thermal 


decomposition. Therefore, oil-oxygen ratios must be greater 
than the stoichiometric ratio. 

At a bearing temperature of 850° F., and an oil-flow 
rate of 0.0002 Ib per min., effective lubrication was ob- 
tained at zero air flow rate (100 per cent nitrogen atmos- 
phere). However, at this temperature and oil flow, failure 
occurred almost immediately in an atmosphere of 20 per 
cent air and 80 per cent nitrogen. An increase in oil 
flow from 0.0002 to about 0.0004 Ib. per min. in this 
atmosphere increased the time to failure from 0.08 to 1.3 hr. 
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Organization of a Plant 


Lubrication Program-Il 


Editor’s Note: This paper represents the second of a series of 
three articles on organizing the plant lubrication program. 
This first paper was published in the July-August issue of the 
journal and the final will be published in a future issue. 


INTRODUCTION 


In organizing the plant lubrication program at the East 
Chicago Division of Combustion Engineering, Inc., a se- 
quence of events had to be considered and carried through. 
The objective of this paper will be to review these events 
in comparative detail and in the approximate sequence that 
they occurred. Needless to say, some of the steps were 
planned and organized simultaneously. 

The East Chicigo Division is considered to be a 
medium-sized manufacturing plant employing approximate- 
ly 1100 workers. In area, the Division covers approximate- 
ly 32 acres, of which 10 are under roof and used for manu- 
facturing purposes. Our products are predominantly super- 
heater and reheater units for power boilers and coal pulver- 
izers. Thus, the best description one can apply for the shop 
is that of a metal fabricating job shop. Approximately 
1000 electric motors ranging in size from the fractional to 
50 horsepower are used. Insofar as machine tools are con- 
cerned, there are all sizes of horizontal and vertical boring 
mills, drill presses, tube bending machines, turret lathes, 
engine lathes, and other various and sundry items for fabri- 
cating metal. There are 18 overhead cranes which span 
anywhere from 55 to 90 feet and which range from 5- to 
20-ton capacity. For material handling and transportation, 
41 pieces of automotive equipment are utilized, including 
such items as fork trucks, straddle carriers, side loaders, 
trucks, and station wagons. In addition to this there is a 
full complement of air compressors, boilers, air condition- 
ing equipment, unit heaters, and other items of this nature, 
which are necessary to keep this plant operating. 

Now that we have pictured in our minds the size of 
the facility, we will talk about the lubrication practices 
which were followed prior to the organization of the new 
program. : 

LUBRICATION RESPONSIBILITIES 

The responsibility for the proper lubrication of ma- 

chine tools was in the hands of the foremen of each de- 
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partment. He determined the type of oil which was to be 
used, the frequency with which the lubricating process was 
to be carried out, and the procurement of necessary equip- 
ment. The oils and greases required were requisitioned 
from the storeroom either in drum lots or smaller quantities. 
We should now look at Figure 1, which shows a corner 
of the old oil storage building. The disbursement of oils in 
less than drum lots was made from this area. First, you 
will note that the oils which were received from the vendor 
had to be transferred from their original container to the 
containers shown, immediately introducing a possibility 
of contamination. There was also the possibility of having 
the wrong grade of oil pumped into the wrong reservoir. 
Obviously, the machine-tool part which required a particu- 
lar type of oil might not get the oil required. Also notice 
that the coding of the oil was not at all in line with good 
practice. Such pet names as “electric motor oil”, “black 
oil”, and “machine oil” were quite common. 

A very good example, shown here, is the reservoir pur- 
portedly containing “black oil”. (Since the original survey 
a code number was hurriedly applied.) As you know, black 
oil is the name used for summer black oil, winter black 
oil, cutting oil, and several others. One can imagine the 
dilemma imposed on the inventory control office when a 
requisition for black oil came in. Far more serious, of 
course, was the fact that in all probability the machines 
were not getting the proper oils. 

When the use was extensive enough, the shops requisi- 
tioned the oils by the drum. In such cases they were 
scattered about the bays, usually with the bung cap re- 
moved. As a result, one could be reasonably sure that the 
oil which was going into the machine had been contami- 


Lubricant storage area before installing the lub- 
rication program. 


Figure 1. 
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nated with grit or other abrasive particles. 

We were aware, too, that some foremen gave the 
lubrication of their equipment more attention than others. 
Of course, since all people place different values on different 
things, this was only to be expected. 

Our supervisors and machine operators are no different 
than those who work in other places. Without the proper 
tools and plans, only the most exceptional people have even 
the slightest chance for doing a good job, be it lubrication 
or anything else they are called upon to do. The proof 
of this lies in the full measure of cooperation which we re- 
ceived from all concerned. 

REORGANIZATION 

One can see now that there were many reasons why 
it was necessary to reorganize the entire lubrication pro- 
gram. Of the several reasons, there were none in particu- 
lar which one could call most important, since we felt that 
all were equally important with but one exception, and that 
they all added up to a savings in dollars in one way or 
another. First, it was our intention to initiate a scheduled 
or planned maintenance program. It was realized that 
without a well-organized lubrication program, any kind of 
planned, scheduled or preventive maintenance program 
would have little chance for success. 


PROGRAM GOALS 

With the proposed program we expected to increase 
the life of our machine tools. There wasn’t much doubt in 
our minds about this since we had experienced many, many 
cases of bearing falure due to lack of proper lubrication. 
Excessive wearing of machine ways could also be attributed 
to inadequate procedures and contaminated lubricants. 

Another aim was to decrease the $20,000 spent an- 
nually for the various lubricants. We felt that this sum 
could be reduced not only by using fewer types of oils, 
thus reducing inventory, but also by decreasing waste. By 
reducing the number of oils, storage space would be reduced 
and there would be a more rapid turnover, thus keeping the 
oils fresh, and requiring a less complicated inventory control 
system. 

The reason for the large variety of oils and greases 
was rather obvious. One of the glib talking salesmen from 
some oil company would convince a foreman that his par- 
ticular oil, and that oil alone, would do the job for him. 
As a result, the foreman ordered the oil, perhaps in a size- 
able quantity, which in all probability would last him a 
good number of years, since no one else used it. In making 
the survey, items were found which, based on current usage, 
would take several years to consume. 

We also felt that with a planned and integrated pro- 
gram handsome savings in direct labor dollars would be 
realized. In all cases highly paid machinists were given 
excessive allowances for greasing, oiling, and cleaning, and 
it appeared to us that a trained lubricator could do a better 
job in less time. 

For these reasons then, we were convinced that there 
existed a very definite need for the program. Since we had 
the complete backing of our management—and I must 
strongly emphasize at this point that without full backing 
the program can not be put into effect—our task was to 
formulate the program. 


PROGRAM GUIDANCE 
Our Division was not large enough to utilize the serv- 
ices of a full time lubricating engineer, hence, it became 
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necessary as the first step to find another source for compe- 
tent lubrication engineering services. 

After some very careful thought we chose to ask the 
Engineering Department of one of the major oil companies 
to assist us in putting our program across. Several prelim- 
inary sessions were held in which we exchanged views on 
what we thought we would like to have and the type of 
service they would be able to render. It was at these ses- 
sions where we outlined our program and the sequence 
in which the various steps could be activated. 

MACHINE IDENTIFICATION 

It was generally agreed that the first thing we would 
have to do would be to renumber all of our machinery 
and equipment. The practice of numbering machines and 
equipment had been followed in the past, but due to wear 
and tear, many of the metal tags had become badly mangled 
or were missing entirely. Also it was thought best to re- 
number because our method of recording machinery and 
equipment information at the maintenance office was not 
at all adequate. Briefly, it consisted of recording the name 
of the machine and its number on one line in a book. 
Since we were going to get into a comprehensive preven- 
tive maintenance program, it would be necessary to have 
complete and accurate data on a separate card for each ma- 
chine. We chose to keep this record in what is commonly 
known as a visible record system. There are several manu- 
facturers of this type of equipment. On each record pocket 
there were slots for holding two cards side by side. One 
card we call our Equipment Record Card and the other our 
Electrical Equipment Record Card. Each machine was 
given a number and the motor for that machine had the 
same number with a letter suffix. If there were more than 
one motor, the largest was given the suffix letter A, the next 
largest, B, and so on down the line. Thus, as an example, 
a horizontal boring mill with four motors would be as- 
signed to number 1900, with 1900A, 1900B, 1900C, and 
1900D tags to take care of the four motors. The actual 
tag used for identifying the machine was made of brass 
with the company and division name stamped on as well 
as the machine number. With the visible record system, 
the time for major lubrication attention can be seen easily 
by means of a red marker, or what we call a flag. 


LUBRICATION SURVEY 

All of this basic work was accomplished by our per- 
sonnel. After it was finished we were in a position to run 
an accurate lubricating survey of all of the equipment. 
The lubricating survey was conducted by the lubrication 
engineer from the firm that we had chosen, with the help 
of one of the project engineers of the Plant Engineering 
Department. This survey was made for the purpose of 
recording all essential data necessary to properly lubricate 
each individual machine. The surveying engineers, of 
course, kept in mind the desirability of minimizing the 
number of oils and greases. Table I indicates a sample of 
the data that were recorded. In the left hand column the 
machine numbers are shown. Immediately to the right of 
the number is the description of the machine, followed by 
the department in which it is located. Listed directly below 
each machine description is the necessary lubricating in- 
formation. Let us take machine number 1144 as an ex- 
ample. This is a milling machine located in Department 
406. It shows that the lubricator oil cups are to be taken 
care of daily with X-brand oil No. 2. The letter D stands 
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Table I 
Lubrication Survey Data 


_ Equipment 


Frequency Lubricants Recommended * 


1136 Hydraulic Pump—Dept. 02 
1137- 1138- 1139- 1140 Blowers—Dept. 101 


Grease Cups 


Motor Bearings — Sealed 


X-Brand Grease No. ! 
No lubrication required 


1142 Spot Welder—Dept. 101 
1143 Drill Sharpener—Dept. 101 


1144 Milling Machine—Dept. 406 


Motor Bearings — Greased 

Air Line Oiler 

Grease Fitting 

Piston Slide 

Air Cylinders 

Lubricator Oil Cups 

Table Drive Worm 

Elevating Screws 

Drive Transmission 

Auxiliary Cutter, Motor Gear Case 


X-Brand Grease No. 1 
X-Brand Oil No. 1 
X-Brand Grease No. 1 
X-Brand Oil No. 2 
X-Brand Oil No. 1 
X-Brand Oil 

X-Brand Grease 
X-Brand Compound 
X-Brand Compound 
X-Brand Compound 


Auxiliary Cutter, Worm Drive 


Grease Fittings 
1145 Swage No. 306—Dept. 101 
Enclosed Gears 
Slides and Ways 
Grease Fittings 
Air Line Oiler 
Oil Cups 
Spindles ( Packed ) 
Note: M-Y means monthly check and yearly change 


1147 Type E Support Welder—Dept. 502 
1148 Cut Off—Dept. 101 


*Trade names have been replaced by the designation X-Brand 


for daily, W for weekly, M for monthly, and Y for yearly. 
Listed elsewhere in the survey were the code letters for 
the various oils and greases. The purpose of the code 
letters is to serve as a means of identification at the point 
of application. Thus, where X-brand oil No. 2 was to be 
applied, the code letters for this designation appeared 
stenciled. 

We had now reached the point where we knew all 
of the details concerning lubrication about each machine, 
and the next step was to set up the organization insofar 
as personnel were concerned. 

PERSONNEL TRAINING 

Since this was going to result in a somewhat radical 
departure from the then existing practices and the possi- 
bility of encountering unnecessary resistance was apt to 
occur if all people concerned were not properly trained or 
educated, it was decided that a very thorough orientation 
program was in order. The training, which consisted of a 
series of lectures by the lubricating engineer from the oil 
company, was given to all of our production and mainte- 
nance supervisors. The lectures covered all of the aspects 
of the program together with lubrication fundamentals, that 
is, properties of oils, function of additives, and nomencla- 
ture. It wasn’t until we had finished indoctrinating the 
supervisors that we started training our lubricators. 

SELECTING THE LUBRICATORS 

Before we could start this training, however, it was 
necessary to clarify in our minds the job content for the 
lubricator. We wanted our lubricators to concern them- 
selves with lubricating all of the equipment in the plant 
with the following exceptions. We would continue to have 
our overhead crane repairers lubricate all overhead cranes, 
the power plant operators would continue to lubricate 
the equipment in the power plant, the automotive equip- 
ment would still be handled by the oiler in that section, 
and an electrician would still be assigned to take care of 
the electric motors. Based on this breakdown, we estimated 
that two machine tool lubricators could handle the entire 
plant. We also felt strongly that if the lubricator was 
going to do the job we wanted done he would have to be 
paid accordingly. We were not going into this program 
under the assumption that any sweeper could do the job 
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Circulation System 


X-Brand Oil No. 3 
X-Brand Grease No. 1 
X-Brand Oil No. 2 
X-Brand Oil No. 3 
X-Brand Oil No. 1 
X-Brand Grease No. 1 
X-Brand Oil No. 1 
X-Brand Oil No. 1 
X-Brand Grease No. 1 


properly. With the job evaluation system that we have 
in Operation, it was necessary to write a job description. 
It was our intention to put in only the factors and duties 
which we fully expected accomplished, without attempting 
to load it, so that we would arrive at a certain point value 
which is then translated into dollars and cents of hourly 
pay. The point value resulted in a classification which 
was one grade lower than our grade for millwrights. With 
this result, we were in a position to attract people who 
would do justice to the assignment. The subject job de- 
scription follows. 


JOB DESCRIPTION 


Job Title — Machine and Equipment Lubricator 

Department Name — Millwright 

Responsible for identifying different oils by their code num- 
bers and proper lubrication of all types of machinery and 
equipment in the plant. Must be able to use lubrication 
equipment and components and differentiate between the vari- 
ous lubrication fittings and supply the proper amount of the 
right kind of lubrication. Adjust and make minor repairs to 
automatic lubricators. Must be able to read machinery blue 
prints, interpret lubrication instructions as set forth in lubri- 
cation manuals, and be able to keep simple legible records. 
Should be in good enough physical condition to permit climb- 
ing, working in awkward positions, handling of lubrication 
cans and equipment, with eyesight that will enable him to 
avoid moving machinery and dangerous electrical equipment. 
Containers of lubricants and all lubricating equipment must 
be kept clean. Make repairs of lubricating equipment, such 
as grease, guns, etc. Conduct reclamation of lubricants by use 
of a filter. Lubrication of instruments such as recorders, etc., 
will require special precaution and mechanical knowledge. 
Must be able to use the various kinds of machine tools and 
the functions of the various parts and be able to recognize 
potential failure as well as failures of lubricating. Must 
qualify as a good mechanic in general knowledge of machin- 
ery. Have enough knowledge of electrical equipment to 
recognize danger to self during administration of his duties. 
Must have clerical ability to maintain records and refer to 
and fill in forms regarding sequence of lubrication and type 
of lubricant to use and follow directions of coding a machine, 
that is, by means of stencils or tags. This man will be re- 
quired to code new machines and keep coding up to date on 
old ones. Should be alert to recognize potential failures of 
machinery and especially so with regards to failure caused 
by faulty lubrication. Install or replace oil wipers, fittings, 
etc. Works under supervision of foreman and/or assistant 
foreman. 
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We were fortunate from the standpoint of being able 
to select men not only with sufficient seniority, but also 
those who were exceptionally well qualified temperamentally 
and mechanically. The matter of having properly suited 
people cannot be too strongly emphasized since it is the 
absolute heart of the program. Regardless of the infinite 
care and planning used, unless these plans are executed in 
the manner expected, the entire project becomes null and 
void. After the lubricators were chosen, the task of train- 
ing them was started. 


EQUIPMENT AND FACILITIES 

About the time that we started on the personnel pro- 
gram, we also started planning for the lubricating area and 
the procurement of the equipment. Since we felt that the 
storage practices being used were not satisfactory, we de- 
veloped a new method. Figure 2 shows that the drums as 
they are received from the vendor are placed for temporary 
storage on simple racks. Fork trucks equipped with load- 
grab attachments are used to load and unload drums. Hav- 
ing an outside storage area still does not give us ideal 
facilities and when conditions permit we will attempt to 
place the racks under a heated covered area. From this 
outside holding area the lubricants, in their original con- 
tainers, are brought to the lubricating area. Figure 3 pic- 
tures one corner of the area that is used by our lubricators. 
Note that the lubricants are still in their original contain- 
ers. Thus, to this point we have still not introduced any 
possible chance for contamination. The drums are all clear- 
ly marked with the brand names, and although not shown 
here, these brand names also appear on the wall directly 
over each container, along with the code letters. This tag- 
ging minimizes any possibility of substitution. 

Figure 4 pictures a general view of the lubricating area. 
From this photograph one can see the space allocated to 
the lubricators and obtain an idea of the facilities in the 
area. Notice a work bench, the various lubricants, some 
central storage racks, and one of the lubricating carts. Each 
lubricator has his own lubrication cart. 

Figure 5 shows a close-up of the cart that the lubri- 
cators wheel about the shops. These units were designed 
and built by our Division, since we were unable to locate a 
commercial model. One standard item is the truck on 
which the cabinet is placed. It can be purchased from any 
equipment supply house. The cabinet is made from angles, 


Oil drums received from the vendor are placed 
on racks for temporary storage. 


Figure 2. 
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sheets, and standard drawers. The top drawer is used for 
holding various fittings. The center drawer contains 5 X 7 
inch cards, each in a separate clear plastic folder. These 
cards, one for each machine, contain the same information 
as was shown on the lubrication survey and serve to guide 
the lubricator while he is making his rounds. The plastic 
folders keep the cards in a legible condition. Clean wiping 
rags are kept in the third drawer, and the bottom pan is 
for soiled rags. In this photograph, the type of containers, 
oil cans, and grease guns used can be seen. The safety 


Direct dispersing area for oils under the new 
program. 


Figure 3. 


ubricating area showing one of the lubricating 


Figure 4. L 


Carts. 


Cart used by the lubricator. Each man has his 
Own cart. 


Figure 5. 
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cans on the bottom shelf are filled directly from the original 
container. We feel this design minimizes the opportunity 
for contamination. The oil cans shown are of the positive 
feed type, equipped with flexible nozzles for reaching into 
the difficult spots that require lubrication. 

Figure 6 illustrates how a grease gun is filled from the 
original container and also shows the small opportunity 
there is for contamination. The grease is applied directly 
from the gun to the machine. 

The next step to be reviewed concerns the organiza- 
tion of the inevitable paper work system used for control. 
We believe that the best approach is to keep the system 
as simple as possible. Experience indicated that it would be 
much easier to add additional records as they became neces- 
sary in the future rather than to start with a bulky system 
initially and then attempt to eliminate some of these un- 
necessary forms later. With this approach in mind we 
initiated the following system. As was mentioned previous- 
ly, data from the lubricating survey was transferred to 
5 X 7 inch cards. These cards were made out in duplicate, 
one set going to the lubricator and one set for the Plant 
Maintenance Office. You will recall that these cards con- 
tained all of the information necessary for properly lubri- 
cating each machine. 

In Figure 5, a clipboard can be seen on the right 
hand top shelf. This clipboard is to hold the forms shown 
in Table II. You will note that on these forms there is a 
space for the lubricator’s name and the date. A new form 
is used daily enabling the lubricator to record all of his 
activities for the day. Whether he performs a daily, weekly, 
monthly, or any other operation, it is so recorded by a 
check mark. In the “remarks” column, he jots down any 
unusual conditions that he finds, such as faulty lubricating 
devices, worn wipers, or unusual wear and tear. The forms 
are reviewed daily by the supervisor for appropriate action. 
Each week the maintenance clerk prepares a list of the 
machines which require either their monthly, quarterly, 
semi-annual, or annual oil change or check. This informa- 
tion is picked off very rapidly from the visual flagging 
system used in conjunction with our equipment record 
cards. From the daily log, the maintenance clerk makes 
the necessary visual flagging adjustments so that it will 
show the time for the next inspection. 

Our oils and greases are requisitioned from the store- 
room in drum or sealed-container lots. The storeroom is 
responsible for maintaining a minimum-maximum control 
on this inventory. These maximum-minimum require- 
ments were set up on a considered judgement basis and 
subject to review periodically by our maintenance super- 
visor. 

RESULTS 

The program has now been in full operation for about 
nine months, and the benefits derived are summarized as 
follows. One of our goals was to reduce the number of 


Greases are dispensed directly from the con- 
tainer to the gun in this area to diminish con- 
tamination possibilities. 


Figure 6. 


lubricants. In this we have been successful, as the num- 
ber has been cut in half. One can visualize that this has 
greatly simplified the ordering, storage, and inventory prob- 
lem. To assign a dollar savings value to this improvement, 
of course, would be extremely difficult and obviously in- 
accurate. 

The first few months of the operation pointed out to 
us very vividly that the practices of refilling and checking 
hydraulic reservoirs had been extremely bad, since many 
contained contaminated and/or inadequate quantities of 
fluid. For some time we were kept quite busy repairing 
leaks which had existed, but never had been brought to our 
attention. Certainly, there has been a savings involved here 
even though again the value is too elusive for accurate 
computation. 

Direct dollar savings which we have been able to as- 
certain was computed on the basis of the reduction in oil- 
ing, greasing, and cleaning allowances given each machine 
operator. We, of course, were not able to eliminate this 
allowance completely, as we still hold the operator respon- 
sible for keeping his machine clean. At any rate, the 
savings resulting from this reduction in allowances more 
than pays the salaries of the lubricators. It was thought 
that this might be a troublesome spot, but as it turned out 
the operators are more satisfied since they are able to 
devote more time to production. 


Table II 
Lubrication Assignment Sheet 
Machine and No. Location Daily Weekly Monthly Other Remarks 
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Since the lubricator has been making his daily appear- 
ance we have found, too, that the machines are being kept 
in a neater condition. When operators show more interest 
in the care of their equipment we can all pretty well agree 
that the life of the machine tool will be extended. It 
seems that they care more because they are aware that we, 
too, care enough to have a man visit them each day with 
the proper lubricant, put in the right place, and at the 
right time. 

Our lubricators are also an invaluable aid to our main- 
tenance department in reporting points of potential failure 
and excessive wear. It was through the combined efforts 


QUESTIONS 


Q. What frequency of change of hydraulic oil have you 
established, and what quality level of hydraulic oil is being 
used? 

A. I suppose the best that money can buy. We have three 
different hydraulic oils listed in the survey; one is a light oil, one 
a medium-heavy oil, and one a heavy oil. The light is a 150- 
second oil, the meduim 300, and the heavy, 900. The approximate 
SAE numbers are 10, 20, and 40-50 respectively. As to frequency 
of check or change, let me cite as an example a hydraulic press. 
The hydraulic system is checked weekly, and every six months we 
send a sample to the oil company and have them analyse it. If it 
is still good we leave it in. The same applies to other pieces of 
equipment which we might check yearly. These are the recom- 
mendations as they were submitted to us, and incidently, in a 16- 
inch boring mill we recently changed some of the hydraulic oil 
that had been in the system for five years. I have heard of turbines, 
which is a different field, where the oil has remained for 15 to 
18 years. 

Q. What is the approximate yearly cost? 

A. Prior to this program we were using about $5000 worth 
of oil a year. Since we started the program the cost has gone up. 
We found that a lot of the reservoirs contained contaminated oils, 
and so forth, but as we get it lined up properly I am sure that 
the cost will go down. Right now I don’t know what the new 
cost will be. 

Q. Do you schedule your oil changes through the main- 
tenance schedule department, and who opens and closes the 
large reservoirs? 

A. Our lubricators are in the maintenance department and 
they are scheduled through the maintenance department. They 
open the reservoir, drain it, flush, clean it, put in new oil, and 
handle the entire operation. 

Q. What is your line of promotion for the oiler? 

A. We have not yet had this experience, but when the time 
comes, the lubricator will be promoted to the millwright classi- 
fication. 

Q. It was mentioned that in changing lubricant brands 
the oil suppliers are asked for their equivalent to the one 
specifically mentioned by the machine manufacturer. Is this 
not subject to error, or at least is it not less desirable than 
having the other oil supplier make his own machine survey 
and offer lubricant recommendations based on product appli- 
cation? 

A. Maybe this is evading the question or not answering it 
precisely, but we have a large milling machine which has lead 
screws. We, too, wanted to standardize. We went to the machine 
manufacturer and asked if it were possible to substitute because 
we felt it desirable. We were told in no uncertain terms, and 
incidently this machine costs about 175,000 dollars, that the 
recommended product alone would do the job. So we did not 
change. 

Q. Have you checked the leakage rate of hydraulic ma- 
chines, and what is an acceptable leakage rate? 

A. When you get a film of hydraulic oil on a particular 
machine it might be too much for that machine, yet where you 
have some pits excess oil might not bother you. Over a period 
of time you might accumulate a quarter of an inch of oil and not 
consider this amount excessive. I don’t know which practice is 
best. You try to keep leakage down to a minimum. 
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of the lubricators and the maintenance department that we 
were able to develop and apply a wiper which has proven 
to be far more effective. 

The problems that arise in setting up a program of 
this type are many, but we feel, from the short experience 
that we have had, that it has been very much worth our 
efforts. Any attempt to enter into a program such as this 
without the complete backing of the management would be 
impossible. Our success was possible because we had this 
backing, and the continued success will supply the incen- 
tive to keep the program going. 


AND ANSWERS 


Comment: In my opinion, the leakage on machines is just as low 
as good housekeeping can keep it, and that varies. What is con- 
sidered acceptable in some places may be considered poor in other 
plants. How much time is available for protection, and how con- 
scientious people are, what they consider waste: these are big 
variables. I have seen so much oil that you would think someone 
had opened a valve and drained it from some machines, yet people 
think nothing of it because the machine continues to work. I 
know of other plants where if a little oil is seen oozing out the 
maintenance people wonder what is wrong with the packing or 
the joint. What is acceptable? Acceptable leakage is what people 
are willing to accept and pay for without worrying about it. It 
is that variable. (H. D. Krummel, Session Chairman.) 

In a food processing plant I imagine just a few drops of oil 
would be critical, but in a foundry with a sand floor leakage 
should not be a serious problem (Seidl.) 

Q. Do you have any problem recruiting a corps of oiler 
men under the schedule and set-up that is practiced at Com- 
bustion Engineering? Do you get good stability and continu- 
ity of employment? 

A. We have two oilers and the program has been in effect 
for only about 9 months. Both of these men have many years of 
seniority. We were fortunate to get them to take this job when 
one patricular process we had been running was completed. Be- 
cause of having been on the production process they were never 
thoroughly indoctrinated into mechanics, so they were happy to 
take this assignment. As far as I can tell we will have them for 
a long time, because they have enough seniority, one fifteen years 
and the other eighteen, so that they won’t be “bumped” off 
the job. 

Q. Do you favor centralized lubrication application on 
machines not so equipped as originally purchased? 

A. Yes. We are in the process of putting mechanical 
lubricators on a large boring mill. 


O. J. SEIDL 


After receiving his 
BSME degree from the 
Illinois Institute of Tech- 
nology in 1949, Mr. 
Seidl joined the staff of 
Combustion Engineering, 
Inc. He is responsible 
as Plant Engineer for all 
maintenance; tool, die, 
jig and fixture design; 
machine replacement 
analysis; and machine 
design. Mr. Seidl is a 
licensed professional en- 
gineer, member of 
NSPE, an associate member of ASME, and is active in 
the Calumet Chapter of Plant Engineers. He has con- 
tributed articles to Plant Engineering and Supervision. 
This is his first contribution to Lubrication Engineering. 
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CIRCULATING 
SYSTEMS 


HYDRAULIC 
SYSTEMS 


GENERAL LUBRICATION 


SUN SOLNUS OILS IDEAL LUBRICANTS 
FOR 80% OF ALL APPLICATIONS 


Moderately priced...low in carbon-forming tendencies, Sun Solnus® oils 
simplify your storage problems by doing with one oil many jobs that would 
otherwise require several. Their ability to protect metal parts against cor- 
rosion, their resistance to oxidation, and their moderate price all add up to 
“more lubrication per dollar.” 

For technical information, see your Sun representative, or write to SuN OIL 
ComPany, Philadelphia 3, Pa., Dept. I-51. 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OILCOMPANY 


SLOW-SPEED 
PHILADELPHIA 3, PA, co- 
In Canada: SUN OIL COMPANY LIMITED, Toronto and Montreal . _ 
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Valve on left is from compressor run for 3,000 hours with well-known, high-grade oil. At right 
is same valve after a 3,000-hour run with Sun Solnus oil. Note difference in carbon deposits. 


3000-HOUR TEST PROVES SUN SOLNUS OILS 
REDUCE CARBON BUILD-UP IN COMPRESSORS 


Equipment: A three-stage Norwalk horizontal- 
type compressor. Operating pressure: from 
1,000 to 1,500 psi. 


Test: The compressor was cleaned thoroughly 
and filled with a well-known, high-grade oil. 
The equipment was run for 3,000 hours, then 
torn down for inspection and cleaning. Then 
Solnus* 300 was tested in the same way. 


Results: Look at the two pictures. You can see 
for yourself how Solnus oil reduced danger- 
ous carbon build-up. 


All types of reciprocating air compressors 
that have been changed over to a Sun Solnus 
oil show similar results. A test in your com- 
pressor will show the same remarkable reduc- 
tion of carbon deposits. 

You can get a technical bulletin about Sun 
Solnus oils by asking your Sun representa- 
tive, or write to SuN O1L Company, Philadel- 
phia 3, Pa., Dept. I-52. 


® 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY PHILADELPHIA 3, PA. 


© SUN OIL CO. 


IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 
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(Personals, from p. 293) 

a member of SAE, API, ASME, 
ASTM, Institute of Petroleum 
(London), Navy Advisory Com- 
mittee on Fuels & Lubricants, and 
the 25-Year Club of the Petro- 
leum Industry. His new address: 
Larcliff, 55 Taymil Rd., New 
Rochelle, N. Y. 


(Current Literature, from p. 322) 
troleum products according to 
ASTM method D-1160-52T. Ap- 
paratus is illustrated in its uni- 
tized laboratory-bench mounting 
pedestal, and specification details 
and prices are included not only 
for the complete apparatus, but 
for the individual glass parts as 
well. (Glass Engineering Lab- 
oratories, LE-12/5, 564 O'Neill 
Ave., Belmont, Calif.) 


Information on Homogenizers. A 
new 6-page booklet on the use 
and selection of industrial ho- 
mogenizers has been prepared 
that includes features of the 
Gaulin homogenizer, a capsule 
“Theory of Homogenization,” in- 
formation on the various types of 
products which can be handled, 
and a description of the five spe- 
cial Gaulin valve designs for han- 
dling fluid, viscous, slightly abra- 
sive and very abrasive products. 
There is basic data for selection 
of the proper machine, covering 
over 100 distinct models, from 0 
to 8000 psi and up to 6000 gph 
capacity. (Bulletin No. H-55, 
Manton-Gaulin Mfg. Co., Inc., 
LE-12/5, 44 Garden St., Everett 
49, Mass.) 


Corrosion Proofing Materials. A 
new brochure on corrosion proof- 
ing materials and techniques is of- 
fered that contains detailed infor- 
mation on cement mortars, inter- 
liners for masonry construction, 
and protective coatings and lin- 
ings for surface treatment. Tables 
and charts are provided for se- 
lecting proper cement mortars 
and for determining resistance to 
various conditions; charts are pro- 
vided for general use in selecting 
Pennsalt coatings or linings suit- 
able in various corrosive ranges. 
(Pennsylvania Salt Mfg. Co., LE- 
12/5, 3 Penn Center Plaza, Phila- 
delphia 2, Pa.) 


BALTIMORE, MD. 
A. L. Hacker Co. 
308 Wyndhurst Ave. 
HOpkins 7.5700 


BIRMINGHAM, ALA. 

J. T. Sudduth & Co., Inc 
3017 Sixth Ave., South 
AL 2-6101 


BUFFALO, N. Y. 

F. Bjerre Co. 

120 Pierce Ave., Hamburg 
EMerson 5282 


CHARLOTTE, N. C. 

L. W. Kinnear & Co. 
1909 Shoreham Drive 
EDison 2-6560 


CHICAGO, ILL. 

geo Norris Engineering Co. 
North Wacker Drive 

State 2-2804 


CLEVELAND, OHIO 
F. & W. Ursem Company 
1548 West 117th Street 
LAkewood 1-9136 


DALLAS, TEXAS 
Leo J. Schindler Co. 
6007 Berkshire Lane 
EMerson 7774 


OHIO 

C. Mosier Company 
628 South Ludlow Street 
Michigan 9805 


DENVER, COLO. 

E. C. Wild Com 

695 South Garfield ” street 
SPruce 7-2852 


DETROIT, MICH. 

Wm. H. Nash Company 
10300 Grand River Ave. 
TExas 4-1111 
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FT. WAYNE, IND. 


3434 So. Elati Street, Englewood 


PNEUMATIC 
PRODUCTS 


Neff Engineering Co. 
2339 Crescent Avenue 
EAstbrook 7391 


HARTFORD, CONN. 
Pearson Company 

1005 B. Farmington Ave. Plaza 
JAckson 3-5261 


KANSAS CITY, MO. 

Ellis Akin Engineering Co. 
2934 Cherry Street 
WEstport 1-9189 


LOS ANGELES, CALIF. 

Teglen Engineering Co. 

1942 Huntington Drive, So. Pasadena 
PYramid 1-2856 


LOUISVILLE, KY. 
Charles Weber Company 
536 Eastern Parkway 
MElrose 7-2574 


MILWAUKEE, WIS. 

C. L. Thompson Company 
4417 West Lisbon Avenue 
Hilltop 4-4817 


H. U. Rogn 


135 South. Tith 
FEderal 3-5595 


NEWARK, N. J. 

K. E. Knotts Company 
106 Miln Street, Cranford 
CRanford 6-3887 


OKLAHOMA CITY, OKLA. 
Nix Industrial Supply Co. 
2702 South High 

MElrose 7-5400 


PHILADELPHIA, PA. 

J. A. Moody Company 
10 West Avenue, Wayne 
WAyne 3441 


Colorado 


PHONE nearby 


District Representative and Distributor 


"PITTSBURGH, PA. 


Leonard R. Nourie, Inc. 
2414 West Liberty Avenue 
LOcust 1-1628 


PORTLAND, OREGON 

Power Transmission Products 
1107 Northwest 14th Avenue 
CApitol 7-1271 


SAN FRANCISCO, CALIF. 
The Burke Company 
1485 Bayshore Boulevard 
DElaware 3-8261 


SEATTLE, WASH. 

George W. Warden Company 
1305 Dexter Avenue 

Alder 0622 


SHREVEPORT, LA. 


Harris Frederic & Company 
100 Edwards Street 
5-7455 


ST. LOUIS, MO. 

Sturgis Equipment Company 
601 South Taylor Avenue 
Olive 2-5380 


N. 

Ralph Earl 
530 East treet 
2-1655 


CANADA 


MONTREAL 

Cowper Company Limited 
515 Fourth Avenue 

ME 7-6746 

TORONTO 

John Spotton Company Ltd. 
21 Carson Street 

CLifford 9-3788 


VANCOUVER 
Galbraith & Sulley Ltd. 
1331 West 6th Avenue 
CHerry 5121 


C. A. NORGREN CO. 
Wherever Air is Used in Gnalustry 
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273 BABCOCK STREET 


DEPENDABLE 
LUBRICATION 


MANZEL LUBRICATORS assure positive 
force feed lubrication for the protection. 
your valuable machinery. There's aq 
model just right for your needs. Our field 

L engineers are available for consultat 


> BUFFALO 10, NEW YORK 


Evaporation Test Cell. Bulletin 
719 discusses the use of the Evap- 
oration Test Cell, the only com- 
mercially available apparatus for 
determining evaporation losses of 
greases and low-viscosity lubri- 
cating oils used in sub-zero tem- 
peratures; and describes such fea- 
tures of the cell as its temperature 
control and air flow control accu- 
racy, wide temperature operat- 
ing range, and dual (oil/grease) 
usage. (Precision Scientific Co., 
LE-12/5, 3737 W. Cortland St., 
Chicago 47, Ill.) 


High-Capacity Filter Design. A 
newly engineered, high-capacity 
simplified filter for diesel fuel and 
lube, pipelines, process liquids, 
water, gasoline, and aviation fuels 
is described in Catalog MK-170. 
This new filter is designed for 
flow rates up to 2000 gpm in a 
small space (2% feet diameter by 
4% feet high) and to offer four 
degrees of filtration (50, 25, 10, 
and 5 microns) down to 1 micron. 


Fast, easy cartridge changes are 


main features of this design. 
Specifications, flow rates, and en- 
gineering drawings are included 
in this 4-page catalog. (Cuno 
Engineering Corp., LE-12/5, 4612 
S. Vine St., Meriden, Conn.) 


Silicone Rubber Products. Bul- 
letin AD-147 describes the com- 
plete line of Garlock silicone rub- 
ber products that withstand high 
or low temperatures, resist sun- 
light, ozone, and aging; resist 
low-swell mineral oils at high 
temperatures, and possess good 
resistance to a large variety of 
other chemicals. Applications 
described include molded and ex- 
truded parts for appliance, auto- 
motive, and aircraft products, as 
well as for industrial seals. In- 
quiries for the new bulletin are 
invited from manufacturers who 
have sealing or gasketing condi- 
tions involving high heat, or 
where flexibility of sealing mate- 
rial at low temperatures is re- 
quired. (Garlock Packing Co., 
LE-12/5, Palmyra, N. Y.) 


Mathematical Calculation Charts. 
Two new mathematical charts 
developed by E. J. George, Sun 
Oil Co. engineer, and distributed 
exclusively by the Frederick Post 


September-October, 1956, LUBRICATION ENGINEERING 


LUBRICATORS CHEMICAL FEEDERS SLURRY PUMPS 


Railroads using a grease containing Moly-Sulfide 
on journal bearings have accomplished a notable 
reduction in HOTBOXES, because... 


Extends 
Effective Lubrication 


when normal hydrodynamic oil film is wiped away 


Hotboxes have been reduced materially in field tests by three 
leading railroads.* 


Engineers of these roads are lubricating journal boxes with a 
supplemental grease containing Moly-Sulfide additive, which is 
applied direct to the journal during the normal servicing of the box. 


_ The railroad industry pays an annual bill of about $90 million 
resulting from some 183,000 “hot boxes”. The experience to date of . 
these railroads indicates that Moly-Sulfide may provide a way 
to cut this expense substantially. 


Moly-Sulfide appears to form a lubricating film on the journal 
and bearing. When a shock load or shearing action displaces the 
hydrodynamic film, the Moly-Sulfide film sustains effective 
lubrication until the petroleum film is restored. 


This ability to extend effective lubrication is being tested 

by railroads in other critical applications, such as ball and socket 
joints of couplings, diaphragms, center plates, cylinder 

test cocks, traction gears and other parts of diesel locomotives, 
and on several points of car trucks. 


You may obtain (1) more facts on how Moly-Sulfide functions 
as an additive, and (2) sources of railroad greases containing 
Moly-Sulfide by using the coupon below. 


*Names on request. 


Use the moly key Department 38 


oy 500 Fifth Avenue, New York 36, N. Y. 
Please send me the following: : 
MOLYBDENUM Literature Lists of Sources for 
“Moly-Sulfide, Lubricant Railroad Greases 


Additive“ 
* High filr “Moly-Sulfide in Chassis Grease” Grecses 

“‘Moly-Sulfide Specification Sample — One-ounce tube of 
| Properties” Moly-Sulfide [J 
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PROBLEMS 


Linco/n MistOmatic System 


... for maintenance 


Lubricant mist automatically applied to open gears while, 
simultaneously, all other bearings are lubricated in seconds. 


AUTOMATIC MIST LUBRICATION simultaneously 
with centralized closed bearing lubrication 


New, exclusive Lincoln MistOmatic Spray Control Valve... designed 
for use with Lincoln power-operated Centralized Lubrication Systems! 
Dispenses controlled quantity of mist lubrication on open gears and 
chains, cams, rollers, eccentrics, slides and ways, circular saws and 
similar surfaces. Simultaneously, balance of machine bearings are 
automatically lubricated by the Centralized System injector circuit in 
seconds, while machine is operating. 


Positive ‘‘mechanized maintenance” for automated 
machine groups and components 


Lincoln Power-Drive Centralized 
Lubrication Systems automatically 
apply pre-measured quantities of 
viscous or fluid lubricants at pre-set 
controlled time intervals for indi- 
vidual machine units. Mechanical 
or electrical timing and control de- 
vices can be incorporated to suit 
individual machine requirements. 


mes ; ; incoln Pumping Unit supplies heavy-duty Way 
tion lines — be interchanged with- Oil to lubricant injectors shown above, serving 78 
out disturbing lubrication system. bearings, simultaneously each time System is cycled. 


Send for new free Bulletins 806-R and 809 


Linco!/n LINCOLN ENGINEERING COMPANY _ | 


Division of The McNeil Machine & Engineering: | Co. 
5743 Natural Bridge Avenue * St. Louis 20, Missour a 


Co. under the name “Calculine,” 
provide a convenient, economical 
tool that can be used for the same 
purpose as a slide rule or calculat- 
ing machine. The charts, fur- 
nished on heavy 8% x 11” card 
stock, consist of a log scale super- 
imposed diagonally upon a log 
log grid. The Multiphase mathe- 
matical chart includes scales for 
multiplication and division, as 
well as those for obtaining direct- 
ly the square root, cube root, and 
logarithm of a number. The mul- 
tiplication and division chart has 
the same pattern, but without the 
log, square, and cube root curves. 
Both Calculine charts contain ex- 
amples illustrating the various 
mathematical operations which 
can be performed. Values on the 
chart can be read directly without 
the use of a straight edge as re- 
quired with a nomograph. An 
added feature of these charts is 
that the operator has a free hand 
to record values instantly as they 
are read. (Price 50c each or 2 
for 85c; Frederick Post Co., LE- 
12/5, 3666 N. Avondale Ave., Chi- 
cago 18, Ill.) 


Bibliography on Non-Metallic 
Bearings. “ESL Bibliography 
No. 6” is an annotated _bibli- 
ography of 101 selected references 
to the literature of the past twelve 
years covering all aspects of non- 
metallic bearings such as their 
manufacture, design, properties, 
wear, lubrication, performance, 
testing and applications, particu- 
larly of bearings made of rubber, 
wood, laminated phenolic plastics, 
resin-impregnated cotton fabric, 
micarta, and nylon. Applications 
discussed are for rolling mills, 
marine propeller shafts and rud- 
der posts, automatic presses, axle 
bearings for railroad rolling 
stocks, and agricultural machines. 
(Price $2.00, Engineering Socie- 
ties Library, 29 W. 39th St., N. 
Y. 18, N .Y.) 


Triplex High-Pressure Pumps. 
Bulletin P-55 covers the applica- 
tion of the Gaulin horizontal 
Triplex pump in ten different in- 
dustries, complete with illustrated 
data on the construction and op- 
eration of the mechanism. It 
shows five basic cylinder designs 
which meet the requirements of 
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all pumping applications — rang- 
ing from a completely sanitary 
design for food products to one 
suitable for handling extremely 
abrasive products. <A_ specifica- 
tion chart is included, as well as 
graphs covering machine selection 
and typical power curves. (Man- 
ton-Gaulin Mfg. Co., Inc. 44 
Garden St., Everett 49, Mass.) 


“The Diamond Tool Industry in 
1955.” As in previous years, the 
Industrial Diamond Information 
Bureau has again compiled a sur- 
vey of the diamond tool industry, 
dealing with various scientific and 
technical aspects. While no en- 
tirely new developments could be 
traced, practically all branches of 
the industry made important ad- 
vances during the past year. 
Based mainly on the Bibliography 
of Industrial Diamond Applica- 
tions, this 12-page survey is sub- 
divided into 16 main groups; 
about 200 references are quoted. 
(Industrial Diamond Information 
Bureau, 34/35 Holborn Viaduct, 
London EC1, England.) 


(New Products, from p. 299) 

nent, bar stock bronze screen has 
been redesigned to include the 
added features of magnetic sepa- 
ration, making use of a flat mag- 
netic field onto which the liquids 
are diffused. This new principle 
of design uses the force of gravity 
to assist the magnetic field. The 
efficiency of the magnetic field is 
even further increased: the large, 
powerful magnet area of No. 5 
Alnico magnets gives twice the 
width of field, and permits lower 
flow velocity. The Up-Flo action 
carries the liquids that have been 
exposed to the magnetic field up 
through the permanent .004” bar 
stock screen to remove particles 
such as abrasives which do not 
respond to the magnets. The liq- 
uid flows into a storage tank 
where settled particles smaller 
than .004” are removed by chain- 
driven flight. Up-Flo Filters are 
available without magnets for 
non-ferrous metal applications. 
(Industrial Filtration Co., Dept. 
UM-395, Lebanon, Ind.) 


Drum Dolly. Designed for ver- 
tical handling of open-end drums, 


Linco/n 


ASSEMBLY LINE 
SPRAY APPLICATIONS 


Linco/n MistOmatic System 
.. for production | 


MistOmatic spray control arranged alongside production line 
automatically applies lubricant mist to gear box components. 


AUTOMATIC ASSEMBLY LINE APPLICATION 
of paint, glue, grease, oil 


Lincoln pioneers a major step toward complete assembly line auto- 
mation... to boost your profits! The MistOmatic Spray is being used 
through industry —with great success—for production line spraying of 
grease, oil, paint, glue and similar materials. Quantity of material 
sprayed, timing and pattern of spray, adjusted to your needs. 


These valve assemblies can also be used without spray attachment for 
automatic application of various materials to production components, 
and for automatic application of such fluids as die lubricants. Get 
complete details now! 


Send for these new Free Bulletins 


Information and specifications on how you can “build in” Automatic 
Maintenance and Automatic Spray applications for your automated 
lines ... machine tools... pro- 
duction equipment . . . materials 
handling equipment! Write 
today! 


LINCOLN ENGINEERING. COMPANY 
Division of The McNeil Machine & Engineering Co. 
5743 Natural Bridge Avenue °« St. Louis 20, Missouri a 
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MORE EFFECTIVE THAN EVER 

—MARLA AERO SPRAY PENE- 

TRATING OIL GIVES YOU THE 
ADVANTAGES OF: 


1. SPRAY 

Assures penetration, with pressure, to the 
most hard to get at objects. Shoots a stream 
three feet if needed. 


2. SPEED 

Always ready at the touch of a button. The 
fastest acting non acid, non alkali penetrat- 
ing oil known or money back. 


3. ECONOMICAL 

Spray container eliminates wasted surplus 
and time in application. Cannot leak or 
spill. 


4. HANDY 

Carried easily and is always ready for use. 
No chance for ingredients to weaken by ex- 
posure to air from a misplaced cap. 


5. VERSATILE 

Marla Spray Penetrating Oil is used to free 
the most corroded bolts, screws, pipe threads, 
bearings, bushings, pulleys, manifolds, valve 
guides, locks or any other stuck together 
metal parts. 


Industrial Packaging & Price Schedule 
F.O.B. St. Louis, Mo. 


Case of Six—I2-ounce Cans ........ $ 9.00 
Case of Twelve—I2-ounce Cans ..... 17.40 
MANUFACTURED 
AND 
UNCONDITIONALLY GUARANTEED 
BY 


ROTHLAN CORP. 


3618 Laclede Ave., St. Louis 8, Mo. 


Specialists in Fine Penetrating Oil 
for Over Thirty Years 


the new Morse Drum Dolly No. 
13 assures safety by the deep lip 
which holds the drum securely 
in place. Durability is assured 
by the cross members which give 
added strength for load capacities 
up to 700 lbs. Built of 2%” steel 
for long life, the dolly is 24” in di- 
ameter with an overall height of 
6%"; four 3” diameter steel 
swivel casters make the dolly easy 
to get into small areas. (Morse 
M anufacturing Co., LE-12/5, 755 
W. Manlius St., E. Syracuse, 
N. Y.) 


Non-Flammable Solvent. “Im- 
munol,” a neutral, non-toxic, non- 
flammable solvent that cleans, de- 
greases, and rustproofs all metal 
surfaces safely and effectively in 
one operation, can be applied by 
any method now in common use 
to clean anything from small parts 
to heavy machinery. Mixed with 
hot or cold tap water, the solvent 
is said to be superior to carbon 
tetrachloride, trichlorethylene, 
kerosene, mineral spirits, and gas- 
oline; and it quickly carries off 
oils, soils, or foreign matter, leav- 
ing a protective rustproof coat- 
ing. Only a few ounces of the 
solvent per gallon of water are 
required to produce a gallon of 
solvent which can be used over 
again for many applications once 
the foreign matter has been re- 
moved. Immunol can be used: in 
vapor degreasing units; for im- 
proving alkali cleaners; as a rust 
preventive; for the final rinse after 
plating; for tumbling operations: 
for machine shop applications; to 
increase tool life and improve ma- 
chining operations; to remove 
gum deposits in oil-operated hy- 
draulic and lubricating systems; 


Lubrication in the News 


S.R.I. to Evaluate Moly-Sulfide 
Chassis Grease. Southwest Re- 
search Institute, San Antonio, 
Texas, will conduct a road study 
for Climax Molybdenum Com- 
pany evaluating the effect of in- 
corporating Moly-Sulfide additive 
in chassis grease. 

The program, expected to re- 
quire twelve months, will consist 


and for quenching and hydrostat- 
ic testing. (Harry Miller Corp., 
LE-12/5, 4th & Bristol Streets, 
Philadelphia 40, Pa.) 


Chemical Packing. A newly-de- 
veloped fiber used in “405” me- 
chanical packing, offers greater 
corrosive resistance and service 
life. This packing is a braid over 
braid of glass and Teflon—two of 
the most inert fibers. The fine pure 
Teflon fibers braided over a core 
of glass fibers and impregnated 
with Teflon presents a soft pliable 
low-friction packing that is excel- 
lent for use on centrifugal as well 
as reciprocating and static appli- 
cations. Concentrated acids such 
as sulphuric, nitric, sodium hy- 
droxide, aqua regia; alkalies, and 
practically all solvents simple or 
complex are easily handled. 
(Abbott & Biddle, LE-12 5, 2417- 
17 Federal St., Philadelphia 46, 
Pa.) 


Waterless Skin Cleanser. A new 
refillable bench dispenser contain- 
ing waterless skin cleanser for in- 
dustrial use is said to conserve 
man-hours by providing each 
worker with an individiual hand 
cleanup facility. The dispenser is 
unbreakable polyethylene and 
carries an imprint space for apply- 
ing a serial number when the unit 
is assigned to a worker. Refilling 
is done at the tool crib or other 
central area from a bulk container. 
The waterless skin cleanser re- 
moves paint, grease, and other in- 
dustrial soil except dry lacquer. A 
greaseless residual of lanolin, 
glycerine, and hexachlorophene is 
claimed to aid in prevention of 
dermatitis. (Hammons Products, 
Inc., LE-12/5, Fort Wayne, Ind.) 


of road tests to determine the 
effectiveness of chassis grease in 
various vehicles under their nor- 
mal operating conditions. Half 
the vehicles of each type used in 
the test will be lubricated with 
commercial chassis grease, the 
other half with the same chassis 
grease in which 3% Moly-Sulfide 
Pure has been dispersed. Wear 
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will be determined by before-and- 
after weight comparisons, dimen- 
sional measurements and surface 
inspection of key parts. In the 
final analysis, these data will be 
considered in conjunction with 
service logs and driver reports on 
squeaks, ease of steering, and 
other pertinent observations. 
Thirty vehicles will travel a total 
of 1,500,000 to 2,225,000 miles in 
the road test. Eight city buses, 
twelve tractor-trailers in long haul 
service, and ten police cars will 
be used. 

Prior to testing, each vehicle 
will be inspected to insure that 
wheel alignment, steering, suspen- 
sion, drive shaft and brake shoes 
meet specified standards. In addi- 
tion, critical parts such as wheel 
bearings, king pins and bearings, 
ball joints, brake actuating cams, 
bushings, shackle pins and bush- 
ings, tie rod ends and steering 
linkage will be replaced with new 
parts. These will be weighed and 
measured before installation. Dur- 
ing the test, all will be lubricated 
and inspected at regular mileage 
intervals. At the conclusion, the 
parts will be removed, cleaned 
and again weighed and measured 


TOMORROW-LAND 
for LUBRICANTS. 


Where Sinclair Research Solves Lubrication Problems For Indust 


to determine wear. 
Drivers of the test vehicles 
will report daily on such factors 


as weather conditions, vehicle 
complaints, road surface condi- 
tions, and mechanical _ break- 
downs. Driving procedure for the 
automobiles and buses will not 
vary from normal operational 
practices. However, the tractor- 
trailers will be routed so that two 
or more trucks, preferably one 
with and one without the addi- 
tive, will travel over the same 
route. 


“Antioxidants for Greases.’’ 
Amines are better inhibitors of 
oxidation in greases than any 
other types tested in an Army 
Ordnance Corps research program 
to develop compounds for this 
purpose. This is the conclusion of 
researchers in Interim Report No. 
2 of the program which has just 
been released to industry through 
the Office of Technical Services, 
U. S. Department of Commerce. 

Outstanding among the 
amines are the phenylenedi- 
amines. The sulfur compounds 
used in the study did not show 
anything exceptional as inhibi- 


Located at Harvey, Illinois, is one of the most extensive installations of its kind 
in the world—Sinclair Research Laboratories. These facilities are an 

important part of Sinclair’s investment in the future. Here is where Sinclair 
engineers and chemists work to develop new products and improve the quality 
of existing ones. At these famous laboratories were developed the Sinclair 


lubricants now solving difficult problems in all branches of industry. If you have 


a special lubrication problem, write today to Sinclair Refining Company, 
Technical Service Division, 600 Fifth Avenue, New York 20, N. Y. 


SINCLAIR REFINING COMPANY 
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SINCLAIR PRODUCES 


tors, but three of the substrtuted 
phenols were able to inhibit oxi- 
dation in some types of greases 
for more than 500 hours. 

Forty-five compounds were 
tested in greases at 210° F., and 
those which were effective at this 
temperature were also tested at 
250°. Only six of the inhibitors 
tested in the program would in- 
hibit oxidation for 500 or more 
hours at 250°. All of them were 
tested in lithium soap mineral oil 
greases, and a number in calcium 
and lithium-calcium soap mineral 
oil greases. Copper corrosion tests 
were run on all successful inhibi- 
tors and the acidity or basicity of 
the grease was determined. 

This report, PB 121017 
“Antioxidants for Greases,” S. F. 
Calhoun, Rock Island Arsenal 
Laboratory, U. S. Army, Nov. 
1955, may be ordered from OTS, 
U. S. Department of Commerce, 
Washington 25. It contains 34 
pages, price $1. 

Statement on Compatibility Test- 
ing of Lubricating Greases. 
ASTM Committee D-2 on Petro- 
leum Products & Lubricants has 
approved the following statement 


OVER 500 SPECIALIZED 
LUBRICANTS 


for 
TURBINES 
DIESEL ENGINES 
PLANT MACHINERY 
METAL WORKING 


AUTOMOTIVE EQUIPMENT 
and many other applications 
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prepared by its Technical Com- 
mittee “G” on Lubricating 
Grease: 

“Compatibility of lubricating 
greases implies compatibility in 
service. Owing to the complexity 
of service problems, there is no 
single test which can be used to 
satisfactorily evaluate compatibil- 


ity in general. 

“Present ASTM methods, 
such as those for Dropping Point, 
Worked Penetration, and Leak- 
age Tendencies of Automotive 
Wheel Bearing Greases, may be 
use to test mixtures of greases as 
well as to test individual greases. 
Results obtained on such mix- 


tures, as compared to results on 
the unmixed component greases, 
are indicative of the compatibility 
of the mixtures. However, simple 
bench tests such as these must be 
correlated with a particular set of 
service conditions before a valid 
estimate of compatibility in such 
service can be achieved.” 


LUBRICATION RESEARCH ASSISTANTSHIP 


Openings for graduate study with part-time 
employment assisting research group investi- 
gating oil film ‘“‘whip,”’ etc., in high-speed plain 
bearings. Start Feb. or Sept. Write Prof. GC. 
DuBois, Mech. Engrg., Cornell Univ., Ithaca, 
N.Y. 


(Lube Lines, from p. 303) 

latest developments. This material possesses in- 
herent slipperiness, chemical stability, and resistance 
to high temperature. Its lubricating ability is so 
pronounced as to render it well suited for usage in 
automotive suspension joints and other chassis 
parts. Used here as a facing or lining fabric for the 
metallic surfaces, this material is said to be so dur- 
able and protective that it will last the lifetime of 
the part without lubrication or maintenance. There 
is a definite trend in automotive circles to get away 


irom metal-to-metal contact in chassis assembly on 
parts which are subject to intermittent motion, to 
such an extent that some lubrication guides for late 
model cars show only front end requirements (9 
fittings, for example); all formerly lubricated rear 
end shackles, springs, etc., being today mounted on 
non-metallic materials. 

This activity in the field of dry lubrication is 
of definite interest to the lubrication engineer. It 
gives him added assistance in developing design, 
assembly, and maintenance features on key or criti- 
cal operations. This will relieve him of worry and 
enable him to concentrate more effectually on serv- 
icing his heavy-duty, high-speed, high-load produc- 
tion machinery, which can operate properly only 
when protected by petroleum-base lubricants. There 
is an inherent cooling effect which accompanies 
fluid lubricants in circulation. It is as much a 
function today in the lubrication of precision ma- 
chinery as the lubricating ability of the oil itself. 


P. ©. Box 1675 


STRENGTH 


This rugged gelling agent 
packs permanent strength into 
the world’s toughest greases. 


Will not melt 
repels water 


e adheres to metal 


Houston 1, Texas 
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Fulflo Filters provide opti- 
mum clarity at ultra-high 
flow rates. For all industrial 
fluids—including oils, liquid 
fuels, chemicals, water, com- 
pressed air and various gases. 
Sizes to handle flow rates up 
to 1,600 gpm. Pressures to 
4,000 psi. 

Fulflo Filters feature 
Honeycomb Filter Tubes, 
the “‘precision controlled 
density” element that filters 
every drop again and again 


to give you microscopic clarity. Choice of cotton, ace- 
tate, nylon, orlon, dacron, dynel or glass fibres. 
Standard models available in steel, stainless steel, 
rubber lined steel or nickel-plated brass. Custom models 
engineered to special requirements. 


other CFE products 


Purivac Insulating Oil Conditioners 
High Pressure Hydraulic Filters 
Magnetic Separators 
Plating Filters 
Coolant Clarifiers 
Oil Burner Filters 
Compressed Air Filters 
Dri-Pure Water-Oil Separators 
Pre-Coat Filters 
Water Filters 
Beverage Filters 
Pharmaceutical Filters 
Automatic Tubular Conveyors 


ComPLeTE FILTRATION COVERAGE 


there's a Commercial Filters unit engineered for your filtering job... 


Honan-Crane Filters offer 
“clean oil” filtration in diesel, 
turbine, hydraulic, metal- 
working and quenching opera- 
tions. Bulk refill models pro- 
vide depth filtration with cel- 
lulose medium for additive 
oils and Cranite (fullers earth) 
medium for straigth mineral 
oils. Multi-cartridge models 
feature six different types 
of cartridges that may be used 
interchangeably depending on 
type and degree of filtration 
desired. Flo-Pac models, in- 
stalled in line, handle flow rates 
up to 900 gpm. All have quick- 
opening covers for ease in 
changing refills. 


Diesel and gasoline engines 
get complete protection 
against the damaging ef- 
fects of dirty oil with Mich- 
iana Lube and Fuel Oil 
Filters. Designed for low 
cost filtration and proven 
in thousands of installa- 
tions. “Throw-away” or 
repackable filter elements. 
Available in a wide range 
of sizes and models. 


Write for literature 
or engineering help 
covering your 
filtration problem. 


COMMERCIAL FILTERS CORPORATION 


MELROSE, MASSACHUSETTS e¢ LEBANON, INDIANA 
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Ingersoll-Rand 75 H.P. Air Compressor 
Equipped With a 2-feed Madison-Kipp 
Model SVH Lubricator. 


Machines of great performance use the most 
dependable oiling system ever developed 
MADISON-KIPP 


Z ‘ 
“tbh Cit .. by the measured drop, 


from a Madison-Kipp Lubricator is the most dependable method of 

lubrication ever developed. It is applied as original 

equipment on America’s finest machine tools, work engines 
and compressors. You will definitely increase your 
production potential for years to come by specifying 
Madison-Kipp on all new machines you buy, where oil under 

pressure fed drop by drop can be installed. There are 

6 models to meet almost every installation requirement. 


MADISON-KIPP CORPORATION 
223 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


[zZ 
@ Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering @ Originators of Really High Speed Air Tools 
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Patent Abstracts 


(Compiled by Ann Burchick, Alumi- 
num Co. of America.) 


Lubricant, Patent No. 2,721,181 (F. I. 
L. Lawrence, R. K. Smith & M. J. 
Pohorilla, assignors to Kendall Refin- 
ing Co.) A lubricant consisting essen- 
tially of an oil of lubricating viscosity 
containing an organo-boron composi- 
tion produced by passing a free-oxygen 
containing gas through a normally liq- 
uid paraffinic petroleum fraction having 
a boiling point in the range of about 
350 F. to about 800 F., maintained at 
a temperature within the range of about 
305 F. to about 385 F.; there being 
available in said fraction from about ] 
to about 3 chemical equivalents of an 
acid, selected from the group consisting 
of ortho-boric acid and meta-boric acid 
per mole of paraffinic hydrocarbon; 
said gas being passed through said 
fraction at a rate requisite to provide 
not more than about 0.6 cubic feet of 
oxygen per hour per gallon of said 
fraction; to produce a crude reaction 
product containing at least about 0.2% 
by weight of chemically combined 
boron, said composition being present 
in an amount sufficient to inhibit oxi- 
dation of said oil fraction. 


Method of Blending Oils and the Re- 
sulting Product, Patent No. 2,721,803 
(W. W. Ginn, assignor to Vejin, Inc.) 
The method of combining at least two 
fatty triglycerides which are not mu- 
tually soluble and consequently do not 
fully dissolve together, one of said tri- 
glycerides having relatively high titre 
and relatively low iodine value, the 
other having relatively low titre and 
relatively high iodine value, said meth- 
od comprising intermixing said fatty 
triglycerides in the presence of sub- 
stantially 5 to 25 per cent of a member 
of the class consisting of rape-seed oil 
and rice oil. 


Organo-Metal Complexes and Lubri- 
cating Oils Containing Them, Patent 
No. 2,721,843 (J. F. Palmer, Jr., as- 
signor to Monsanto Chemical Co.) As 
a new composition of matter, the oil- 
soluble organo-metal complex obtained 
upon heating, with the elimination of 
water, substantially equimolecular pro- 
portions of an oil-soluble basic alka- 
line earth metallo hydrocarbon  sul- 
fonate, carbon disulfide and a dialkyl 
amine wherein the respective alkyl 
groups contain at least 5 carbon atoms. 


Lithium Soap-Synthetic Base Instru- 
ment Grease, Patent No. 2,721,844 (C. 
H. Culnane & J. P. Dilworth, assignors 
to The Texas Co.) A _ lubricating 
grease composition consisting essen- 
tially of an oleaginous liquid base as 
the predominant constituent thickened 


to a grease consistency by about 12 to 
20 per cent by weight based on the 
weight of the composition of a lithium 
soap of a soap-forming fatty material, 
said soap-forming fatty material con- 
sisting of a major proportion by weight 
of a hydroxy soap-forming fatty ma- 
terial selected from the group consist- 
ing of hydroxy stearic acid and hydroxy 
stearic acid glyceride, and a minor 
proportion of a saturated soap-forming 
non-hydroxy fatty acid, said oleaginous 
liquid base consisting of an oil-soluble 
high-boiling aliphatic dicarboxylic acid 
diester having a viscosity within the 
range from about 6 to 10 centistokes 
at 100 F., selected from the group con- 
sisting of branched chain diesters of 
adipic, azelaic and sebacic acids with 
Cs-Cs alcohols, and about 5 to 8 per 
cent by weight based on the weight of 
the composition of a mineral lubricat- 
ing oil having a viscosity within the 
range from about 14 to 30 centistokes 
at 100 F., said grease having an ASTM 
worked penetration in the range 260- 
330 and a low temperature torque test 
below 5 seconds per revolution at — 100 
F, 


Metal Soap Grease Containing Alka- 
line Earth Metal Alkyl Phenol Sulfide, 
Patent No. 2,721,845 (J. P. Dilworth, 
C. H. Culnane & H. V. Ashburn, de- 
ceased, assignors to The Texas Co.) A 
lubricating grease composition com- 
prising as the essential constituents an 
oleaginous liquid lubricating base of 
which at least the major proportion is 
a high boiling liquid aliphatic dicar- 
boxylic acid ester, about 10-30% by 
weight of a lithium soap of a saturated 
soap-forming fatty material, said grease 
normally being corrosive to copper, 
and from 0.25 to 5% by weight based 
on said composition of barium diamyl 
phenolate sulfide in sufficient propor- 
tion to enable said grease composition 
to pass the copper corrosion test of 
U. S. Army specification 2-134. 


Flushing Oil Composition, Patent No. 
2,721,846 (J. F. Lyons & T. C. Heisig, 
assignors to The Texas Co.) A high 
flash point flushing oil characterized by 
rust-proof, antioxidant and drying prop- 
erties which comprises a mineral lu- 
bricating oil as a major constituent, 
0.001 to 2 per cent by weight of an oil- 
miscible aliphatic dicarboxylic acid hav- 
ing at least 10 carbon atoms, 0.0001 to 
1 per cent by weight of an oil-miscible 
aliphatic acid phosphate containing at 
least 10 aliphatic carbon atoms, 0.05 to 
3.0 per cent by weight of an oil-miscible 
alkylated phenol and 4 to 10 per cent 
by weight of tripropylene glycol mono- 
methyl ether. 


Lubricating Oil Additives and a Proc- 
ess for Their Preparation, Patent No. 
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MARLA 


OPEN GEAR SPRAY LUBRICANT 


Use on all Gears not running in Oil 


Absolutely Nothing Else Like it! 
OUTLASTS ORDINARY LUBES 5 to 1 
Sticks to Metal 


ECONOMICAL — Spray container re- 
duces lubrication time. Long lasting 
film. One can covers approximately 
25 sq. ft. of surface with no waste. 


2. HEAVY DUTY — The finest extreme 
pressure adhesive lubricant there is for 


open gears. 
3. EASY-TO-USE — No fuss .. . no 
muss. Ease of application encourages 


and assures complete lubrication of 
open gears. 


4. CLEAN — No drip. . . no throw off 
. no clean up of excess fubricant. 
Will not drip in hot or steamy areas. 


5. SPRAY — Assures perfect lubrication 
even to the most hard-to-get-at areas. 


6. HANDY — Marla Spray Lubricant can 
be carried easily and is always ready 
for use. Eliminates the brush, paddle 
or any preheating. 


VERSATILE — A superior lubricant 
also for cams, reciprocating actions, 
mono rails, guides, chains, sprockets 
and cables. 

Prices F.O.B. Your Plant 


Case of Six—12-ounce Cans... . $10.74 
Case of Twelve—1I2 ounce Cans. 21.00 


MANUFACTURED 
AND 
UNCONDITIONALLY GUARANTEED 
BY 


ROTHLAN CORP. 


3618 Laclede Ave., St. Louis 8, Mo. 
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CRESOL 


ADDITIVES 
keke 


in the preparation of: 
Cutting Oils 
Drawing Oils 
Grinding Oils 
Metal Working Oils 
Engine & Heating Fuels 
Rust Preventives 


For 
Exceptional Performance 
at Low Cost 


use 


CRESOL Z-I, for EP Gear Oils, 

Cutting Oils, Drawing and Stamp- 

ing Oils 

e@ CRESOL Z-2, for Cutting Oils, 
Grinding Oils 

e@ CRESOL Z-3, for EP Lubricants, 

Drawing Compounds 


CRESOL Z-4, for Soluble Drawing 

Oils and Cutting Oils 

@ CRESOL Z-5, Oxidation Inhibitor 
for Lubricating Oils 

@ CRESOL Z-7, for Automatic Trans- 
mission Fluids 

e@ CRESOL Z-51, for Rust Preventives 
(Oil and Solvent Type), Lubricity 
Agent for Lubricating Oils, Fatty 
Oil Replacement 

@ CRESOL 22-C, Engine and Heat- 

ing Oil Additive to prevent car- 

bon deposits 


Samples, and suggested formulae for 
general or specific applications, avail- 
able upon request. 


* 
BURNS LABORATORIES, INC. 


514 WEST WYOMING STREET 
INDIANAPOLIS, IND. 
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2,721,877 (A. H. Popkin & J. F. Black, 
assignors to Esso Research & Engi- 
neering Co.) In a process for the for- 
mation of lubricating oil additive ma- 
terials which comprises copolymeriz- 
ing (1) about 98 to 60% by weight of 
a substantially neutral ester prepared 
by esterifying (a) a material of the 
class consisting of alpha, beta-unsaturat- 
ed polycarboxylic acids and their anhy- 
drides with (b) substantially saturated 
primary aliphatic alcohol containing in 
the range of 8 to 18 carbon atoms per 
molecule with (2) about 2 to 40% by 
weight of a low molecular weight 
vinyl ester in the presence of a per- 
oxide catalyst, the improvement which 
comprises carrying out said esterifica- 
tion in the presence of a stoichiometric 
excess of from 2.5% to 15% by weight 
of said alcohol and copolymerizing said 
neutral ester with said vinyl ester in 
the presence of said excess of alcohol. 


Strong Acid as a Polymerization Modi- 
fier in the Production of Liquid Poly- 
mers, Patent No. 2,721,878 (A. H. Pop- 
kin, assignor to Esso Research & En- 
gineering Co.) In a process for the 
formation of lubricating oil additive 
materials which comprises copolymeriz- 
ing (1) a substantially neutral ester 
of (a) substantially saturated primary 
aliphatic alcohol containing in the range 
of 1 to 18 carbon atoms and averaging 
about 7.5 or more carbon atoms per 
molecule and of (b) a material of the 
class consisting of alpha, beta-un- 
saturated polycarboxylic acids and their 
anhydrides with (2) a low molecular 
weight vinyl ester in the presence of a 
peroxide catalyst, the improvement 
which comprises the use of about 
0.02% to 5.0% by weight, based on the 
weight of the monomers, of a strong 
acid as a copolymerization modifier. 


Phosphoric Acid Esters of Diethylene 
Glycol Ethers & Lubricants Contain- 
ing the Same, Patent No. 2,723,237 (J. 
P. Ferrin, assignor to The Texas Co.) 
A lubricant comprising a major por- 
tion of a mineral oil of lubricating 
characteristics and 0.5 to 25 weight per 
cent tributyl carbityl phosphate, said 
carbityl phosphate acting as a pour 
point depressant in said lubricant. 


Preparation of Polymerization Prod- 
ucts from Propene & Pentene Oxides, 
Patent No. 2,723,294 (G. J. Benoit, Jr., 
assignor to California Research Corp.) 
Process of preparing polymeric ma- 
terials useful as synthetic lubricants, 
which comprises subjecting to poly- 
merization temperatures and pressures 
in the presence of an alkaline catalyst, 
an aliphatic monohydroxy alcohol ef- 
fective to initiate the polymerization 
reaction, about 70 to 90 mol per cent 
propene oxide, and about 10 to 30 mol 
per cent pentene oxides, of which pen- 
tene oxides not more than about 5 mol 
per cent, and 15 mol per cent, based 
on the total propene-pentene oxide con- 
tent, is, respectively, 2-methyl--2,3- 
epoxybutane, and material selected 
from the group consisting of 2,3-epoxy- 


pentane, 2-methyl-1,2-epoxybutane and 
1,2-epoxycyclopentane, said catalyst 
being present in an amount expressed 
by the ratio of about 1 mol of said al- 
kaline catalyst to about 700 to 100 
mols of said propene oxide and pentene 
oxides, and said alcohol being present 
in an amount of about 1 mol to about 
8 to 200 mols of the propene-pentene 
oxide content. 


Rust Preventive Compositions, Patent 
No. 2,724,654 (W. C. Howell, Jr. & 
W. E. Waddey, assignors to Esso Re- 
search & Engineering Co.) A rust pre- 
ventive composition comprising about 
75 to 98% by weight of volatile hydro- 
carbon solvent having a boiling point 
below about 500 F., about 1 to 15% 
by weight of a viscous propane pre- 
cipitated resin from Pennsylvania oil 
residuum, and about 1 to 10% by weight 
of a monooleate ester of a polyhydric 
alcohol. 


Mineral Oils Containing Alkoxyal- 
kylolamine Epichlorhydrin Condensa- 
tion Products, Patent No. 2,724,694 (E. 
J. Troianello, assignor to American 
Cyanamid Co.) A self-emulsifying 
mineral oil composition comprising 
mineral oil having dissolved therein a 
minor quantity not less than 2.5% by 
weight of the reaction product obtained 
by heating 0.05 to 0.5 mols of epichlor- 
hydrin with the condensation product 
of 1 mol of a primary alkylamine of 
12-18 carbon atoms with 2 to 10 mols 
of combined ethylene oxide. 


Preparation of Emulsifiers for Produc- 
ing Soluble Oil, Patent No. 2,724,697 
(M. R. Lipkin, assignor to Sun Oil 
Co.) Method of forming an acidic 
partial oxidation product containing 
mahogany sulfonates and suitable for 
use in preparing soluble oil which com- 
prises treating a petroleum oil boiling 
mainly above 450 F. with a sulfonating 
agent under sulfonating conditions, 
separating sludge from the sulfonated 
stock, neutralizing the sulfonated stock 
with an alkaline-reacting alkali metal 
compound, and treating the neutralized 
stock in liquid phase with a  free- 
oxygen containing gas under condi- 
tions, including a temperature above 
110 C., effecting partial oxidation to 
carboxylic acids. 


Lubricating Oil Anti-Foaming Agent, 
Patent No. 2,724,698 (A. R. Kittleson, 
assignor to Esso Research & Engineer- 
ing Co.) <A_ liquid oil composition 
having a normal tendency to foam un- 
der conditions of agitation and con- 
taining a minor proportion, sufficient 
to reduce said tendency substantially, 
of a substantially oil-insoluble stably 
dispersed nitrogen-containing polyneric 
condensation product of viscous oil 
consistency obtained by mixing sub- 
stantially equimolar proportions of di- 
t-butoxydiamino silane and ethylene 
glycol at ordinary temperatures until 
a spontaneous reaction and NH: evo- 
lution takes place and until said evo- 
lution substantially ceases. 
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Stabilized Mineral Oils and Method of 
Preparation, Patent No. 2,725,345 (Kurt 
Binovic & Robert Dupas, assignors to 
Esso Standard Societe Anonyme Fran- 
caise). An oil composition of high 
oxidation resistance comprising a min- 
eral base oil fraction of insulating-lu- 
bricating oil viscosity grade containing 
0.01 up to 1% by volume of a propane 
deasphalted residual oil from the dis- 
tillation of crude petroleum. 


Lubricating Oils Containing Hydroxy 
and Alkoxy-Metal Oxyarylalkyl 
Amines, Patent No. 2,725,357 (H. D. 
Kluge & F. W. Moore, assignors to 
The Texas Co.) A lubricating compo- 
sition comprising a mineral lubricating 
oil containing about 0.1 to about 0.5 
per cent by weight of N,N’-bis(2-al- 
koxymetaloxy-5-alkylbenzyl)-1, 2-dia- 
minoethane, wherein the metal is se- 
lected from the group consisting of al- 
kaline earth metals and zinc, the alkoxy 
group is a C, to C; alkoxy group and 


the alkyl group is a C; to Cw alkyl - 


group. 


Lubricating Oils Containing Hydroxy 
Metal Oxyarylalkyl Amines, Patent 
No. 2,725,358 (H. D. Kluge & F. W. 
Moore, assignors to The Texas Co.) 
A lubricating composition comprising 
a mineral lubricating oil containing 
about 0.1 to about 5.0 per cent by 
weight of a basic metal salt of an N,N’- 
bis(2-hydroxy-5-alkylbenzyl)-1, 2-dia- 
mino ethane, wherein the metal is se- 


The Sight Glass 


lected from the group consisting of 
magnesium and zinc and the alkyl 
group is a C; to Cx alkyl group. 


Lubricating Oil Composition, Patent 
No. 2,725,359 (D. Harman, R. C. Mor- 
ris & H. Diamond, assignors to Shell 
Development Co.) A composition of 
matter comprising a major amount of 
a mineral lubricating oil and a minor 
amount sufficient to inhibit oxidation 
of said hydrocarbon. 


Non-Corrosive Lubricant Composition, 
Patent No. 2,726,208 (R. E. Karil & 
A. R. Sabol, assignors to Standard Oil 
Co.) A composition comprising a 
major proportion of an oleaginous lu- 
bricant vehicle and from about 0.1% 
to about 10% of the oil-soluble salt 
complex obtained by reacting at a tem- 
perature of from about 50 F. to about 
210 F. an oil-soluble metal salt of a 
neutralized phosphorus sulfide-hydro- 
carbon reaction product with a water- 
soluble polyvalent metal salt of a low 
molecular weight aliphatic saturated 
carboxylic acid of 1 to about 4 carbon 
atoms, said water-soluble metal salt 
being used in an amount of from 0.1 
to 3.0 equivalents of the polyvalent 
metal for each metal equivalent of the 
neutralized phosphorus sulfide-hydro- 
carbon reaction product and dehydrat- 
ing the resultant reaction product at a 
temperature of from about 250 F. to 
about 350 F. while blowing with an 
inert gas. 


Editor’s Note: With this issue a new feature is introduced, “The Sight Glass.” 
In this and succeeding issues of the journal The Sight Glass highlights some of 
the important articles which will appear in future issues of Lubrication Engineer- 
ing so that the reader will not miss any new developments in our rapidly expand- 
ing field. Just as the sight glass is used in the lubrication system to show the 
regulation and flow of lubricants, the new feature will show the articles being 


processed for publication in the journal. 


In Coming Issues! 
Laboratory Evaluation of the Resistance to Oxidation of “R & O” In- 


dustrial Oils 


Unsuspected correlation exists between two dissimilar oxidation 
stability tests, a highly controversial area in evaluating lubricat- 
ing oils, and a test method which is easier, less time consuming, 
and cheaper is described. Forty oils were tested to verify the ac- 
curacy and correlation of the two methods described and recon- 
firmed with the testing of an additional twenty-three individual 
proprietary products, selected at random, and evaluated by both 


methods. 


Studies of Formation and Behavior of an Extreme-Pressure Film 
Gears lubricated with a mineral oil compounded with dibenzy]l 
disulfide containing radioactive sulfur, S*°, were operated under 


controlled conditions. 


The formation and behavior of the result- 


ant sulfur-containing film on the load-bearing surfaces have been 

studied, using the beta particles from the sulfur as a means of de- 

tection of the film and measurement of its thickness. 
Organization of a Plant Lubrication Program —_III 

Third and final paper in the series which show how the proper 

selection and application of lubricants materially reduce mainte- 

nance costs and decrease productive downtime. 


Journal of the American Society of Lubrication Engineers 


CHECK 
AND 
RETURN 
THIS 
LIST 
TO 
US 


For information that will show you how 


UCON 


synthetic 
fluids and 
lubricants 


can do a job better for you. 


fluids 
hydrolubes 
ss 
+... .High-temperature lubricants 
+++... Low-temperature lubricants 
see ee Packing lubricants 
.. . Compressor and Pump lubricants 
secs obitt-truck lubricants 
-Heat-transfer fluids 
[ components 
[_].....Defoamers and De-emulsifiers 
and dye diluents 
. and Plasticizers 


Chemical intermediates 


_jeeeee 


Better yet! Give us the specific require- 
ments for your job. We'll give you more 
information on how UCON fluids and 
!ubricants can help you. 


CARBIDE 


AND CARBON 


CHEMICALS 


CARBIDE AND CARBON 
CHEMICALS COMPANY 


A Division of 
Union Carbide and Carbon Corporation [ag 
20 East 42nd Street New York 17, New York 
“Ucon” is a registered trade-mark of UCC. 
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FOR MULTI-PURPOSE GREASES 
...an essential product —tred in with service 


GREASE MANUFACTURERSS Trere are three good 
reasons why Tronat should be your prime source of supply of lithium 
hydroxide monohydrate (LiOH*H,O), essential to the production of lithium 
base greases. (1) Anew and strategically located plant at San Antonio, 

Texas (American Lithium Chemicals, Inc.). (2) Convenient warehouse stocks 
of lithium hydroxide, maintained in proximity to the major grease 
producing areas of the U. S. (see map). (3) Better, faster deliveries, because 
of advantageous rail and motor freight facilities. When planning your 
current, or future, requirements for LiOH we suggest you contact your 
American Potash & Chemical Corporation (Tronat) sales representative. 

His better service costs no more. 


American Potash & Chemical Corporation 


LOS ANGELES NEW YORK ATLANTA SAN FRANCISCO ¢ PORTLAND (orE.) 
Plants: TRONA and LOS ANGELES, CALIFORNIA 


wal RON Ay 


TTRADEMARK AP&CC 


Producers of: BORAX * POTASH * SODA ASH * SALT CAKE * LITHIUM CHEMICALS HENDERSON, NEVADA 
* BROMINE CHEMICALS * CHLORATES * PERCHLORATES * MANGANESE DIOXIDE SAN ANTONIO, TEXAS (American Lithium Chemicals, Inc.) 
and a diversified line of specialized agricultural and refrigerant chemicals. Export Div.: 99 PARK AVENUE, NEW YORK 16, NEW YORK 
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Engineering Societies Personnel Service 


The following items are furnished by the Engineering Soci- 
eties Personnel Service, Inc., a non-profit, self-supporting 
personnel service sponsored by ASLE, AIEE, AIME, 


ASCE, ASME, SNAME, ESD, ECSF, ISPE, and WSE. 


Replies should be addressed to the nearest office. 

All positions and applicants clearing through the Chica- 
go and Detroit Offices are 100% EMPLOYER PAYS 
FEES. All others are subject to negotiation and may be 


DID YOU KNOW? 


Did you know we have more than 
2,000 job opportunities listed with us 
all of the time? 

Did you know we are the only 
recognized Service in the professional 
field, recognized by practically every 
professional society in the country as 
the National Clearing house? 

Did you know many employers 
prefer to work with us on account of 
our Societies’ connection? 

Did you know we claim to have 
the most qualified list of applicants in 
the country because of their society 
memberships? 

Did you know we serve members 
and non-members with equal sincerity? 


POSITIONS AVAILABLE 


C-5367, Analytical Chem. BS Chem. 
up; age up to 35; 4-5 yrs. exp. will 
make non-routine analysis & method 
dev. on ores, refractories, slags, limes, 
ete.; with some knowl. of instrumen- 
tation meth. for res. lab.; car des.; for 
a producer of lime & cement; sal. to 
$7,200 plus moving exp.; loc. W. Va.; 
empl. will pay the fee. 


C-5376, Rubber Res. & Dev. Man or 
woman doctorate in Chem. or equiv.; 
exp. 5 plus yrs. in rubber research; 
duties: studying the nature of rubber 
& metal interfaces & relating the chem. 
& structure of rubber to its dynamic 
properties, particularly vibration ab- 
sorption & tension; for a res. irdust.; 
sal. $8,500-10,500 yr.; loc. Ohio; empl. 
will pay the fee. 


C-5428, Synthetic Organic Chem. 1 
plus yrs. in synthesis of polypeptides; 
duties: undertake a problem using syn- 
thesis in basic res.; will get ges 
tion rights; for a med. school; sal. 

to $400/mo.; loc. Chgo.; empl. will ae 
the fee. 


C-5468, Lubrication Engr. in 
Engrg.; age 21-35; know fuels & lu- 
bricants application; (will train) du- 
ties: recommending industrial lubri- 
cants for all types of mach’y., as: tur- 
bine, hydraulic, refrig., machine shop, 
aviation, construction & mining, foun- 
dry steel, paper & textile mills; cus- 
tomer relations, lubricant specifications 
& field complaints sup. by engr.; trav.; 
car req’d.; for a refinery; sal. $5,100- 
8,000; loc. Okla.; empl. will pay the fee. 


~ 5556, Chief Engr. ME; age 40-46; 

> plus yrs. in top flight engrg. admin- 
istration in internal combustion en- 
gines; know engine dev.; duties: head- 
ing up entire engrg. activities incl. dev., 
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des., testing & prod. of 2-cycle engines 
for a mfr. of engines; sal. $25-30,000 
plus; loc. Calif.; empl. will pay the fee. 


ENGINEERS AVAILABLE 


(581-LE) Domestic, Foreign Engrg. or 
Sales. 34; Lic. CE; 10 yrs. of sound 
diversified engrg.; supervisory & sales 
background includes good working 
knowledge of construction methods, 
machines, sales engrg. & promotion; 
$9,000; U.S.-Foreign. 


(582-LE) Manager or Engineer. 43; 
BSME;; 17 yrs. well-rounded exp. in 
management, sales & engrg.; enthu- 
siastic, energetic, liking for responsi- 
bility; $12,000; U.S. 


(583-LE) Contract or Sales Engr. 
(htg. vent. air cond.) 27; BSME; 2 
yrs. contract engr. & estimator for 
mech. contractor; 2 yrs. sales engr. for 
mfgr.; $7,200 plus; Midwest. 


(584-LE) Architect. 35; BS Arch.; 10 
yrs. exp. in commercial & institutional 
construction & des.; $8-9,000. 


(585-LE) Mech. Engr. (home appl.) 
34; BSME; dev. engr. on air condi- 
tioners, window & central systems; 
also refrigerators & freezers; total 
4% yrs.; familiar with switches, con- 
tactors, elec. hookup 115 v & 230 v, 
single & 3-phase, elec. motors, com- 
pressors; $7,000; Chgo. area. 


(586-LE) Dev. or Des. (el. motors- 
transformers) 49; BSEE; inspection & 
test exp., teaching & instruction exp., 
mech. & elect. dev. rocket launchers, 
fractional motors des.; $6,000; Chgo. 


(587-LE) Plant Engr. or Sup’. of 
Maint. (textile, woodworking, machine 
tools, steel mills) 55; Col.; heavy back- 
ground elect. & mech. engrg.; exp. to 
offer, maint. & construction; am con- 
sidered a capable administrator with 
the ability to get along with people & 
to accomplish my objectives; $10,000 
plus; South or Far West. 


(588-LE) Writer. 38; Ph.D. in Eng- 
lish; some exp. in aviation; wide range 
of publications; wishes job as_ tech. 
writer, editor; $7,000; East-West. 


(589-LE) Safety Engr. (chem. or elect. 
utility) 43; MA; Safety educ. 12 yrs. 
indust. safety engr. & director in basic 
chem. electrical utility, diverse ind. 
with ins. adjusting agency as safety 
engr.; 2 yrs. exp. in personnel; $7,000; 
Midwest, West, South. 


(590-LE) Admin. or Prod. Ass’t. (min- 


Engineers 


applicant pays fees. 
based on what is needed to support this non-profit service 
(rates available on request). 


In all cases our fees are moderate and 


Members of the societies shown above may publish a 
free advertisement on this page by registering or listing at 
the nearest ESPS office. 
Open is available by subscription (rates on request). 


A weekly bulletin of Position- 


ing, mineral or gen.) 49; BS mining: 
gen. construction, des., engrg., maint., 
operaiton of mines, plants & gen. 
knowl. of rock processing; consulting 
work; geological studies, reports; $9- 
10,000 


(591-LE) Plant or Prod. Mgr. or 
Ass’t. (metal working mfr.) 32; ME: 
top notch exp. in factory mfr. & megmt.: 
6 yrs. solid resp. & supv. in Irge. pre- 
cision machinery bldrs. plant; $9,000: 
U.S. or Foreign. 


(592-LE) Sr. Engr. (petroleum) 47: 
BSEE; exp. circuit analysis, A.C. pow- 
er circuits & relays; mech. know!. 
steam power plant eqpt., piping instru- 
ments, thermodynamics, electro-mech. 
eqpt.; knowl. pet. process work; $10.- 
000; Texas. 


(593-LE) Chief Bridge Engr. 55; MS: 
13 yrs. as des. with a state highway 
dept., 10 yrs. of this time as chiet 
bridge des. in charge of all des.; 11 
yrs. in des. & supv. of various engrg. 
works; $8,400; West, Central or South. 


(594-LE) Timestudy Engr. or Ass’t. 
Ind. Engr. (small mfg. mach. shop: 
35; approx. 5 yrs. exp. in timestudy; 
about 3 yrs. in estimating in light met- 
al working & 16 mos. exp. in motion & 
timestudies on punch presses & weld- 


ers; 1 yr. ass’t. ind. engr.; $6,000: 
Chgo. 
(595-LE) Ass’t. Factory Mer., Prod. 


Sup’t. or Ind. Engr. 29; BSIE; sr. 
IE; 5 yrs. exp. multi-plant metal fab- 
ricating co. in job eval. wage & salary 
admin., wage incentives, time & mo- 


tion, methods, plant layout, collec- 
tive bargaining, grievances, arbitra- 


tion; $9,000; Chgo. area. 


(597-LE) Ind. Engr. 33; 4 yrs. col.: 
chief ind. engr. for small plant resp. 
for methods dev., set incentive rates. 
plant layout, material & labor specs., 
also safety dir. of same: $7,200; Chgo. 
area. 


Remember... 


All positions and applicants 
clearing through the Chicago 
& Detroit Offices are... 


100% 
EMPLOYER PAYS FEES 
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ASLE Publications 
ORDER BLANK 


Fundamentals Of Friction & Lubrication 

In Engineering 
Proceedings of Ist ASLE National Symposium: His- 
torical Development of Hydrodynamic Lubrication; Re- 
marks on Mixed Film Lubrication: Lubrication Concepts 
& Engineering Application; Hydrodynamically Lubri- 
cated Roll Neck Bearings; l'undamentals of Hydro- 
dynamic Lubrication; Vertical Pivoted Shoe Thrust 
Bearings; On the Need for a Non-Steady State Theory 
for Lubrication Hydrodynamics; Lubrication of Gear 
Teeth, Including the Effect of Elastic Displacement; 
Physics & Chemistry of Rubbing Solids—Basic Prin- 
ciples; On the Friction & Wear of Graphite & Other 
Layer-Latticed Solids; The Importance of Wear Frag- 
ments During Sliding; Technical Applications of Prin- 
ciples of Solid Sliding Contact. $3.00 per copy to mem- 
bers, $3.50 per copy to non-members. 


Interpreting Service Damage In 
Rolling Type Bearings 
A manual on ball and roller bearing damage which in- 
cludes drawings, tables, and 74 photographs for aiding in 


the classification and identification of the causes of many 
of the common types of bearing damage. $1.00 per copy. 


“Lubrication Engineering” Decennial Index 


Subject & Author Indexes listing the papers published 
in Lubrication Engineering, Journal of the American 
Society of Lubrication Engineers, in Volumes 1 thru 10 
(1945 thru 1954). 50c per copy. 


Petroleum-Type Hydraulic Fluids 


Second in the series of ASLE monographs, covering Hy- 
draulic Oil Specifications & Service Properties, Viscosity, 
Viscosity Index, Demulsibility, Oxidation Stability, Lu- 
bricating Value, Rust & Corrosion Preventive Qualities. 
$1.00 per copy. 


Physical Properties Of Lubricants 


First in the series of ASLE monographs, covering Vis- 
cosity, Density & Specific Gravity. Cloud & Pour Points, 
lash & Fire Points, Carbon Residue, Neutralization 
Number & Interfacial Tension, Saponification Number, 
Emulsification, Specific Heat. $1.00 per copy. 


Practical Lubrication, Vol. 1 


‘Ten practical articles giving information fundamental to 
the carrying out of successful lubrication practices in 
industry: Cleaning Lubrication Systems. Coal Mine Lu- 
brication, Grease Lubrication of Ball Bearings. Lubricat- 
ing Grease, Lubrication Requirements of Gears as Seen 
by a Gear Engineer. Open Gear Lubrication. Planned 
Lubrication as a Part of Plant Maintenance, Reduction of 
Gear Failures, Seals & Closures. Steel Mill Lubrication 
from Management’s Point of View. $1.00 per copy. 


Indicate opposite title the number of copies desired, fill in 
your name and address, enclose remittance, and mail to: 


ASLE, 84 E. Randolph St., Chicago 1, Ill. 


(Please Print) 
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AF Colloidal 
Dispersions 


Give You So Much More 
In Hot Forging Operations 


e Better Working Conditions 

e Better Metal Flow 

e Reduced Die Wear 

e Much Closer Tolerances 

e Freedom from Sticking and Galling 
e Better Finished Products 


e Increased Production 


There Is A Grafo Lubricant To Do Your 
Specific Job Better For Less 


Write Us Regarding Your Special Problem 


CORPORATION. 
269 WILKES PLACE 
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FARVAL— 


Loewy 50,000-ton"Major’ forging press 


Lubrication 


is automatically lubricated by Farval 


@ It takes only one man at the control pulpit to operate this huge 11- 
story press—the world’s largest machine. Designed and built by 
Loewy-Hydropress Div. Baldwin-Lima-Hamilton of New York for 
the U.S.A.F. Heavy Press Program and operated by the Wyman- 
Gordon Co., it can exert 108 million pounds’ pressure to form hot 
aluminum billets into structural parts for jet planes. 


Adequate lubrication—and always dependable—helps this machine 
work to greater precision tolerances than ever before thought pos- 
sible in a forging press. Lubrication is by Farval—a total of 205 bear- 
ings served by four systems—three heavy-duty automatics for the 
lubrication of the press proper and one manual for the lubrication 
of the controls. 


Farval Centralized Lubrication Systems are serving millions of bear- 
ings in all kinds of industrial equipment. Farval is ready to serve you, 
too. Call the Farval representative near you, or write us for Bulletin 
26-R. The Farval Corporation, 3267 East 80th St., Cleveland 4, Ohio. 


Affiliate of The Cleveland Worm & Gear Company, Industrial Worm Gearing. 
In Canada: Peacock Brothers Limited. 


KEYS TO ADEQUATE LUBRICATION— 


Wherever you see a Farval central 
pumping station, dual lubricant lines, 
and valve manifolds, you know a 
machine is being properly lubricated. 
Three Farval heavy-duty automatic 
pumping stations that lubricate “Major” 
are to be seen at lower right. 


SYSTEMS OF 
cay, 


THIXOTROPIC LUBRICANTS 


DENSOIL is an extreme pressure, fibrous structure, paraffin base oil 
lubricant, so versatile as to be used in small gears and bearings as 
well as heavy-duty mill equipment where extreme conditions exist. 


DENSOIL can be used advantageously for all types of enclosed 
geared units, both for teeth and bearings — sleeve and anti-friction, 
from the heaviest type of industrial equipment to that used in house- 
hold utilities, such as washing machines, etc. 


DENSOIL Lubricant is temperature resistant. It has cushioning 
and shock absorbing characteristics plus excellent adhesion and 
cohesion at high peripherals which prevents metal grab and conse- 
quent scoring and cutting. 

DENSOIL builds up a lacquer-like, tough, oily film, high in 
lubricity, on bearing surfaces as used in mill equipment for Pinions, 
Cables, Screw Downs, Couplings, Columns, Bearings, Worm Drives 
and Guides. 


e @ @ 
GEARKOTE combines the qualities of both lubricant and protective 


shield. Formulated for the severe service of heavy equipment, includ- 
ing cast or roughly finished gears. 


GEARKOTE is exceedingly resistant to water such as commonly 
found in edging roll drives, housing roll gears, table line shaft hous- 
ings, and semi-open pinions. 


The heavier consistencies settle in the housings under water but 
lubricating qualities remain unimpaired. Surplus water can be 
drained during shutdown periods without loss of GEARKOTE. 


GEARKOTE is a registered trade mark of 
The Hodson Corporation 


HODSON CORPORATION 
Lbucatton 


CHICAGO 38, ILLINOIS 


*Phenomenon shown by gels, namely, that of becoming 
liquid on stirring and resolidifying on standing. 
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